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1. INTRODUCTION 

This final  report  discusses  efforts  made on a  study 
over  the  last .nine months which  had, as its primary  objective 
the  development  of  techniques to determine  the  environmental 
effects  from  the  Space Shuttie SRB' exhaust  effluents. This 
determination  required the blending  together  of  a  team  which 
had diverse skills and  capabilities. The  study required 
personnel  with  experience  and  knowledge  in  propulsion  chem- 
istry , meteorology , computer. technology ,. and  fluid  dynamics i 
The study  utilized  f,our  diff.erent computing  .systems;  the  NASA 
REEDA, the NASA  UNIVAC 1108, the NASA IBM 360: and the SA1 
IBM 370. Knowledge of their..operating systems, and  details 
of  similarities and differences  between  the  machines'. data 
storage, instructions,  and  peripheral  equipment  operations 
was required  during the study.  Intimate  knowledge  of  meteo- 
rological  data  reduction  methods was a  necessity. The 

. .  

start  of  the  development  of the.new cloud rise model  required 
expertise in  fluid  dynamics.' To obtain  the  source  terms  for 
the  cloud rise calculations'required . .  a  state-of-the-art 
analysis  of the SRB and  its  exhaust  effluents. 

. .  

This study  has  developed  many  new  and  needed tools 
for  the  determination  of  the  environmental  effects  from  the 
Space  Shuttle SRB exhaust  effluents. A- preliminary  clima- 
tological  assessment  has  been  performed  which  will  be  used 
to  guide  the  future  full scale climatological  assessment. 
The exhaust  effluent  chemistry  study  has  been  performed  and 
the  exhaust  species  have  been  determined  neglecting  several 
possibly  important  effects. A reasonable  exhaust  particle 
size distribution  has  been  constructed  which can be  used 
for  the  deposition  model. The effects of scavenging and 
absorption  have  not  been  included in the preliminary  clima- 
tological  assessment. The basic  conclusion  that  can be 
drawn  regarding  the  entire  study  is  that  the  team  has now 
done  their homework, understands the complete  problem  more 
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fully,  has  developed  the  required  algorithms,  learned  the 
required  technology,  and  is now able to perform-a meaningful 
climatological  assessment  with  the  operational  REED.Description 
which  can  yield  the  required  answers about.the environmerita2.. ~ 

effect-s from.the Space  Shuttle SRB exhaust effluents.:' These- 
algorithms  have  not  been  interfaced  into  the  REED  Description. 

Section 3 on  the  exhaust  chemistry  and  Section 6 
on'the  numerical  cloud rise model  are  efforts funded'under 
NASA Contract N A S 8 - 3 1 8 5 1 .  The partial results'have been in-" 
cluded  in  this  report so that  a  reader  can  get a clear  picture 
of  the  overall  effort. It should  be  noted  that  the  basic 
studies  have  been  conducted  with a Titan  type  vehicle  having' 
all  solid  propellant  motors  and  not  the  Space  Shuttle  type 
vehicle  which  has  both  solid  and  liquid  propulsors.' The tech- 
noIogy  for  the  problem  has  been  learned but'the models  must  be 
tuned  for the.Space Shuttle  and  Its  unique  characteristics. 

< .  

This  study  performed  and  used  the  results  of  a  pre- 
liminary  climatological  diffusion  assessment to define  the 
problems  involved  in  performing  a  full  scale  assessmeht;  there- 
fore, these preZirnina$y a i 3  quality rds,uZfs should be used w i th  extreme ' 

c a u t i m  in drawing conclusions regarding  the  environmental'. &f f ects'' 
of  the  Space  Shuttle  exhaust  effluents, 
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2. CLIMATOLOGICAL  ASSESSMENT 

Environmental impact  evaluation  will  be  based on 
calculations of the  ground  level  concentrations  using  the 
NASA/MSFC - Rocket - Exhaust - Effluent  Diffusion  (REED)  Descrip- 
tion (1,2) input data for  each  selected  meteorological  regime. 
The use of the  REED  Description  for  environmental  assessment 
requires  a  detailed  knowledge  of  the  surface  mixing  layer. 
The thermodynamic and kinematic  properties  of this layer  can 
be  measured  with radiosondes, tetroonsonde,  and  other  instru- 
mental  platforms.  Large  samples  of  these data are  required 
for a  climatological  assessment  of  environmental  impact. The 
only data set  available  which is sufficiently  large to satisfy 
this  requirement was obtained  from  radiosondes. These data 
were  obtained  daily (at OOOOZ and 12002) at KSC for  more than 
fifteen years by the U . S .  Air Force Air  Weather  Service.  In 
addition, four  soundings  per  day  were  taken  during  a five year 
period (1962 through 1966). 

The tapes containing  the  radiosonde data will be 
scanned  and subsets of  profiles  will  be  established  which 
correspond to the various  meteorological  regimes  that were 
developed  for  air  quality  assessments  by  Stephens  and  Sloan 
(3). These data subsets  will  ultimately  be  used  as  input  to 
the  REED  Description  for  calculation of  air  quality  impact. 

The data to  be  used  will  be  the KSC soundings  from 
the period 1962 - 1966(*). The  sample  cumulative  probability 
distribution’of maximum  ground-level  concentrations  attributed 
to each  meteorological  regime  will  be calculated; these 
probability  distributions  will  be  useful  for  estimation  of 
the  probability of exceeding  a  specified  maximum  concentration 
for  a  particular.  regime. 

(*)The data tapes were  obtained  from  the U . S .  Air Force Range 
contractor, Pan American  World  Airways. 
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2.1 SELECTION OF AVERAGE YEAR 

Monthly  average  surface data during  the  subject  period 
(1,962 through 1966) were  used for determination of the  year  which 
was most  representative of normal  conditions at 'KSC.  Because of 
the  convenience  of  obtaining  the  required  summaries  from  regular 
NOAA weather stations, climatological data from  a  similar  coastal 
location  (Daytona  Beach) 50 miles from KSC were used to represent 
KSC . 

The criterion  for  selection  of  a  particular  year  was 
that  it  have  the  smallest  .value of the parameter D given  by 

12 12 

IT' I +  IT' 1.c IvI 
Mi i=l mi i=l mi 

where  i=l  corresponds to January, i=2, February, etc.  and 

I~~Milp IT'miJ  and I v ' ~ ~ ~  are  the  absolute  deviation  of  the 
.monthly,mean daily  maximum  and  minimum  temperature  and  monthly 
mean wind  speed  from  their  respective  normal  monthly means; 
the  quantity D represents  the  average  monthly  total  absolute 
deviation  for  the  three  parameters. 

, -  The calculated  values of D are  given  in  the  table  below. 
. . .  Year 62 63 64 65 66 

D 4.85  5.30  4.83 3.41 3.65 

Thus, the  year 1965 was selected as the  year  most  representative 
of normal  conditions at  KSC. 

In connection  with  our  selection  of  a  climatological 
data set, the  following  background  data for KSC were  acquired 
from the  National  Weather  Records  Center: 

0 Monthly  and  annual  inversion statistics  for 
the  period 1965 through 1969 based  on  KSC  Rawin- 
sonde  data 

0 Monthly  and  annual  STAR  summary  of  atmospheric 
stability  for the  period 1965 through 1969 based 
on Cocoa Beach  surface data 
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0 Monthly   and   annual   mix ing   he ight  statistics for 
t h e   y e a r  1965 based   on  KSC Rawinsonde da ta  

With. ,regard t o  t h e  1965 KSC Rawinsonde data tape, we 
i n t e n d  t o  c a l c u l a t e   t h e  fo l lowing  s t a t i s t i c s  as a f u n c t i o n  
of  time o f   d a y :  

' 0 D i s t r i b u t i o n   o f   a t m o s p h e r i c   s t a b i l i t y  calculated 
between 1.2  t o  1 . 5  km (4 ,000 t o  5,000 f t )  by 
t a k i n g   t h e   g r a d i e n t   o f   v i r t u a l   p o t e n t i a l  
temperature 

0 D i s t r i b u t i o n   o f   t h e   h e i g h t   o f   g r o u n d  based 
i n v e r s i o n s  

0 D i s t r i b u t i o n   o f   w i n d   s p e e d  a t  1 . 2  krn 

0 D i s t r i b u t i o n   o f   w i n d   d i r - e c t i o n  a t  1 . 2  km 

These  s ta t is t ics  are correlated w i t h  t h e   d i f f u s i o n  
p o t e n t i a l  of the ambient  a i r  a t  t y p i c a l  SRB c l o u d  s tab i l iza t ion  
a l t i t u d e s .  The d i s t r i b u t i o n   o f   t h e   h e i g h t   o f   g r o u n d  based ' 

i n v e r s i o n s  i s  u s e f u l   i n   t h e   s t u d y   o f  how o f t e n  SRB c louds '  
are e x p e c t e d  t o  p e n e t r a t e   s u c h   i n v e r s i o n s   a n d   t h u s  become 
. e f f e c t i v e l y  i so l a t ed  f rom  the   g round ;   g round   based   i nve r s ions  
are  a l s o  r e s p o n s i b l e   f o r   t h e   l a r g e s t   c o n c e n t r a t i o n s   o b s e r v e d  
a t  g r o u n d   l e v e l   w h e n e v e r   t h e r e  is a release from a non- 
buoyant  ( "co ld")  s o u r c e .   T h e   d i s t r i b u t i o n   o f   w i n d   d i r e c t i o n  
a t  t h e   t y p i c a l   h e i g h t  of SRB c l o u d   s t a b i l i z a t i o n   c h o s e n  
( 1 . 2  km) is  c o r r e l a t e d   w i t h   t h e   e x p e c t e d   t r a c k   o f   t h e  SRB 
c l o u d  a t  t h e   c a l c u l a t e d   s t a b i l i z a t i o n   h e i g h t .  

2 . 2  METEOROLOGICAL  REGIMES 

. I  

f 

I n   s u p p o r t   o f  a i r  q u a l i t y   a s s e s s m e n t s   f o r  aerospace 
v e h i c l e   e x h a u s t   e f f l u e n t s  a t  Kennedy  Space C e n t e r ,  meteorol- 
ogical  regimes were d e f i n e d   w h i c h   c o r r e s p o n d  t o  s y n o p t i c  
p a t t e r n s  ( 3 ) .  These   r eg imes  are d e s i g n e d  t o  n a r r o w   t h e  a i r  
q u a l i t y  s ta t is t ics  i n t o  categories t h a t   r e f l e c t  tkmporal 
deve lopmen t   o f   a tmosphe r i c   cond i t ions  a t  l a u n c h .  
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In  the  past the meteorological  inputs  to  the NASA/ 
MSFC REED  Description  have  been  based  mostly  on  climatologicL1' 
statistics  until  about 12 hours  prior  to launch, at 
which time  a  deterministic  forecast was made. An obvious " '  " 

drawback to this  approach is that  'the statistical  air  quality 
assessment  during  the  pending  launch period, two or four da'ys . 
prior  to launch, does  not  reflect  atmospheric  dynamics . '  

identifiable  from  current  synoptic  conditions. .. . 

~.. . 

* .  ' 

Thus, the  purpose  of  defining  meteorological  regimes 
in  terms  of  synoptic  conditions is to provide  a  realistic _ ' '  

means  of  classifying  subsets  of  the  overall  climatological 
data  set  for  statistical  air  quality  assessments.  Since 
these  subsets  are  more  representative  of  developing  atmosphe'ric 
conditions  during the pending  launch period, the  use  of  these ' 

subsets  assures  a  smoother  interface of the  statistical air . '  

quality  assessment  with  the  deterministic  assessment. ' Employing 
this  classification system, the  statistical assessment'affords 

' i .  

error  bounds  for  the  deterministic  predictions. 
, !  

It is  necessary  to  consider  the  types  of atmospheric. 
data  sources  and  the  applications  for  which  the  results  of  the 
diffusion  predictions  will  be  utilized in order t o  de,fine . 
appropriate  meteorological  regimes. The amount  of  detail  re- 
quired  in  the  atmospheric kinematics  is  dictated by the  planned 
application  of  the  diffusion  prediction.  Two  extremes in,,, . 

applications are  air  quality  and  deployment  predictions. , I f . .  
the diffusion  predictions  are to be  utilized  in  support  of . ,  

air  quality  predictions  to  insure  public safety, the  detail  in 
the  atmospheric  input  parameter  can  be  relaxed  in  favor  of 
slightly  conservative  values which incorporates  a  safety 
factor.  Since  the  desire  is  to  identify  any  potential  for 
an  air  quality problem, the  exact  location  and  concentrations 
are of  secondary  importance  as  long as the  error  bounds  for 
these  estimates  have  been  determined  and  are  reasonably 
conservative. For this application, routine  radiosonde  data 

; . "  

2-4 



are s a t i s f a c t o r y   s i n c e  small s p a t i a l   a n d   t e m p o r a l   c h a n g e s  
i n   t h e  atmospheric k i n e m a t i c s   c a n  be n e g l e c t e d  without  a 
serious impact on  t h e  c r e d i t a b i l i t y  of t h e  r e s u l t s .  

. .  

~ . '  On t h e  other hand,  i f ,  t h e  a p p l i c a t i o n  f o r  t h e  . . 

d i f f u s i o n   p r e d i c t i o n  is t o  s u p p o r t  t h e  deployment  of t h e  cost- 
effective-rocket e f f l u e n t   m o n i t o r i n g   n e t w o r k ,  t h e  r e s o l u t i o n  
r e q u i r e m e n t s  . .  of t h e  atmospheric i n p u t  parameters for  t h e  REED 
D e s c r i p t i o n  are v e r y   s t r i n g e n t .   T h i s   i n c r e a s e  of r i g o r  is 
i n t r o d u c e d   b y  t h e  need for  e x a c t n e s s   i n  t h e  predicted t r a n s i t  
p a t h .  , I n   t h i s  case, local  spa t ia l  a n d   t e m p o r a l   c h a n g e s   i n  
t h e  atmospheric k i n e m a t i c s   m u s t  be c o n s i d e r e d .  ' This   means  . ' 

t h a t   t e r r a i n  effects and t h e  l a n d - s e a   i n t e r f a c e  effects must 
be known. S i n c e  t h e  radiosonde p r o v i d e s   p r e d o m i n a t e l y  
v e r t i c a l   i n f o r m a t i o n ,  o ther  s o u r c e s  of data  must be u s e d  to 
o b t a i n   h o r i z o n t a l - t e m p o r a l   i n f o r m a t i o n .   I n   g e n e r a l ,   w i n d  
tower d a t a  are n o t   a d e q u a t e  t o  t o t a l l y   s u p p o r t  t ' h i s  r e q u i r e -  
ment s i n c e  t h e  a v a i l a b l e   i n f o r m a t i o n  is l i m i t e d  t o  the ' sur face  
b o u n d a r y   l a y e r .   C u r r e n t l y ,  t h e  best s o u r c e  of local  spa t ia l  - 
t e m p o r a l   i n f o r m a t i o n  is a t e t r o o n s o n d e  ( a  c o n s t a n t  l eve l  
b a l l o o n  w i t h  r a d i o s o n d e )   f l o w n   n o m i n a l l y  a t  600 meters ( 4 ) .  

O t h e r  p o t e n t i a l   m e a n s  t o  o b t a i n   o r   i m p r o v e  t h e  loca l  spa t i a l  - 
t e m p o r a l   i n f o r m a t i o n   w o u l d  be from s i m u l t a n e o u s   m u l t i p l e  
radiosonde releases o r  a remote  s e n s i n g  sys tem.  Hence   exac t -  
n e s s   i n   p r e d i c t i o n s  of t h e  e x h a u s t   c l o u d   t r a n s i t  p a t h  is 
l imited by t h e  state-of-the-art of t h e  a v a i l a b l e  small scale 
a tmospher i c   measu remen t   sys t em.   Ex tens ive  meteorological 
s u p p o r t  of t h e  NASA r o c k e t   e x h a u s t   e f f l u e n t   p r e d i c t i o n   a n d  . 

m o n i t o r i n g  program have   been   documen ted . fo r  a series of Seven 
T i t a n   l a u n c h e s  (5-11); t h e  hydrogen ch lor ide  measurements  fo r  
t h e  same series are described by  Gregory,  e t  a l .  ( 1 2 )  

. .  

I , ,  

A common r e q u i r e m e n t  f o r  a d i f f u s i o n   p r e d i c t i o n  is 
t h e  s t a t i s t i c a l  a i r  q u a l i t y   a s s e s s m e n t  for  p l a n n i n g  ac t iv i t i e s  
pr ior  t o  a l a u n c h .   T h e   o b j e c t i v e  is t o  u s e   t h e s e  s t a t i s t i ca l  
a s s e s s m e n t s  fo r  m i s s i o n   p l a n n i n g   a c t i v i t i e s  t o  optimize l a u n c h  
windows. 
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Meteorological regimes needed  for  air  quality  assess- 
ment  prior to launch  were  defined. The regimes were not 
intended for detailed  launch  effluent  monitoring  support. 

Before  defining the meteorological regimes, 
consideration  of  the  selection and sequential nature of  the 
approach will be described. Typically, there  are  about  nine 
different patterns that  could  be  associated  with  the  weather 
conditions at  Kennedy  Space  Center. Within.each pattern, 
there  are  a  wide  variation  in the small scale kinematic and 
thermodynamic  structure  depending  on  the  type and  intensity 
of  the  mesoscale  activity  present. 

It is  appropriate to use  existing  knowledge  of 
seasonal  variation  at KSC in the  selection of seasonal  time 
regimes  for  statistical  analysis. It is  apparent  that  the 
length  of  the seasons at KSC are non-uniform  with  relatively 
long  summers  and winters (mid-May  through  mid-October  and 
December through March, respectively)  which  are  separated by 
short  (approximately 6 weeks)  transition  periods. It is 
known that  the  summer  and  winter  diffusion  meteorology  will 
contribute to the  largest  variation  between  calculated 
seasonal  environmental impacts; since the  realistic  seasonal 
breakdown  of  data sets increases the size of  the  winter  and 
summer  sample it follows  that  the  comparison of  winter  and 
summer  will  have  better  statistical  reliability. 

The approach is to start  with  the  statistical  air 
quality  assessment  that is normally  used  in  the mission 
planning  activities;  initially  the  seasonal-temporal  regimes 
are defined; that is, the  season  of  the year--winter, spring, 
summer, or fall--and the  time  of  day--night, morning, afternoon, 
or evening.  Further  narrowing  of  the  regime  categories  will 
be  achieved by sub-division  into  the  following  synoptic  patterns: 

0 The Bermuda  anticyclone and  associated  easterly 
winds. 
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0 Easterly  waves  and  associated  strong  vertical 
mixing. 

0 Westerly  waves  and  associated  frontal  activity. 
0 Continental  anticyclones  and  associated  northerly 

winds. 
The next  step  in  the  process  is  the  qualification of 

the intensity  of the synoptic  regime  according to nominal  "weak" 
and  "strong"  categories.  Objective  criteria  will  be  established 
for such  a  qualification. . ' I  

In  summary  the  regimes  established  will  consist of' t h e  
following  categories: 

. .  

0 Season 
0 Synoptic  regime 
0 Intensity  of  synoptic  regime 
0 Time  of  day 

Other  regime  categories  such  as  thermodynamic  or  kinematic 
parameters  may  be  better  suited  for  climatological  air  quality 
assessments. 

2.2.1 Air  Quality  Impact  and  Associated  Meteorological 
Patterns 

Air  quality  impact  can  be  classified  according to 
concurrent  synoptic  meteorology  patterns  and  air  mass  types. 
The relative  frequency  of  occurence  of  these  patterns  during 
1965 at KSC  has  been  calculated.  NOAA  synoptic  charts  drawn 
twice  daily (I a.m.  and 1 p.m. EST) were  used  for  the  analysis. 
The following  synoptic  and  air  mass  classification was used: 

Synoptic 
Type  Synoptic  Class  Air  Mass 

A Maritime  Anticyclone Maritime  Tropical (MT) 
B Easterly  Wave Maritime  Tropical (MT) 
C Westerly  Wave ("Maritime Tropical 

Continental  Polar (P) 
Transition  (MT-CP) 

D Continental  Anticyclone  Continental  Polar (CP) 

("Specification of  the  air  mass  type  for  Type C is  dependent 
on  the  type  and  strength of the  front  (cold, warm, stationary) 
and  its  location  relative to KSC. 
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T h i s   c l a s s i f i c a t i o n .  is e s s e n t i a l l y  the same as t h a t  
g i v e n   i n   R e f e r e n c e  1 w i t h   s l i g h t   m o d i f i c a t i o n   o f   s y n o p t i c  
Type A t o  r e p r e s e n t   t h e   g e n e r a l   c a t e g o r y   o f  maritime a n t i -  
cyc lones   wh ich  is composed  of t w o  s e a s o n a l   s u b - t y p e s .  I n  
summer t h e  maritime a n t i c y c l o n e  is  synonymous   w i th   t he  
Bermuda a n t i c y c l o n e   w h i c h   p e r s i s t e n t l y   d o m i n a t e s   t h e   w e a t h e r  , 

i n   t h e   E a s t e r n   U n i t e d   S t a t e s .  The   on ly   b reak  i n  t h i s  p e r s i s t e n t  
p a t t e r n   o c c u r s   i n  l a t e  summer  when i n v e r t e d  l o w  pressure 
t r o u g h s   e m b e d d e d   i n   t h e   t r o p i c a l  easterl ies move t o  t h e   v i c i n i t y  
o f  KSC (Type B ,  E a s t e r l y  Wave) .   These   t roughs  are i n  rare 
i n s t a n c e s   a s s o c i a t e d   w i t h  a h u r r i c a n e .   I n   w i n t e r ,   a n t i c y c l o n e s  
c o n t a i n i n g   c o l d   d r y  a i r  move s o u t h e a s t w a r d   t o w a r d  KSC; as 
t h e s e   c i r c u l a t i o n s   p a s s   o v e r   t h e   r e l a t i v e l y  w a r m  water east 
of t h e   F l o r i d a   p e n i n s u l a ,   t h e y  are  r a p i d l y   m o d i f i e d .   T h u s ,  
i n   w i n t e r ,   t h e r e  is a t y p i c a l   a l t e r n a t i n g   p a t t e r n   o f   T y p e  A 

and  Type D a n t i c y c l o n e s .  The t r a n s i t i o n   b e t w e e n   t h e  t w o  t y p e s  
is c h a r a c t e r i z e d  by  Type C ( W e s t e r l y  Wave) c o n d i t i o n s   w h i c h  
i n c l u d e   c l o u d s   a n d   p r e c i p i t a t i o n   a s s o c i a t e d   w i t h   f r o n t s  and 
e a s t w a r d   p r o p a g a t i n g   w a v e s   i n   t h e  westerlies (Type C ,  W e s t e r l y  
Wave). 

T h e   m o n t h l y   a n d   a n n u a l   p e r c e n t   o c c u r r e n c e   o f   - t h e  
v a r i o u s   s y n o p t i c  regime's and  a i r  mass t y p e s  du r ing  1965 is 
g i v e n   i n  Table 2-1.  I t  is c l e a r l y   i n d i c a t e d   t h a t   t h e  pre- 

dominan t   synop t i c   r eg ime  is t h e  maritime a n t i c y c l o n e   ( T y p e  A) 
w i t h   a n   a n n u a l   o c c u r r e n c e  of 57.6 p e r c e n t ;   o n  a month ly  bas i s  
Type A p r e d o m i n a t e d   d u r i n g   t h e   p e r i o d  March  through  November. 
Dur ing   t he   w in te r   mon ths   (December   t h rough   Februa ry )   con t i -  
n e n t a l   a n t i c y c l o n e s  are o f t e n   s t r o n g   e n o u g h  t o  p e n e t r a t e   f a r  
enough  southward t o  become t h e   p r e d o m i n a n t   s y n o p t i c   T y p e  D a t  
KSC. The   occu r rence   o f  a i r  mass t y p e s  is c o r r e l a t e d   w i t h  
t h e   o c c u r r e n c e   o f   t h e   s y n o p t i c   t y p e s .  

I t  i s  o b v i o u s   f r o m   t h e   a n a l y s i s   t h a t   t h e  summer 
s e a s o n  is t h e  most c r i t i c a l  i n   t h e   a s s e s s m e n t   o f   e n v i r o n m e n t a l  
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Table 2-1. Percent Occurrence’ of Synoptic.and Air Mass Types 
. at Kennedy Space Center During 1965 

I I J a n .  
I 

S y n o p t i c   T y p e  
A 1 2 7 . 4  

B 0 
C 1 1 4 . 5  

S y n o p t i c   T y p e s  

F e b .  - - 

3 5 . 7  

0 

1 9 . 6  

4 4 . 6  

4 8 . 2  

4 1 . 1  

1 0 . 7  

A = Maritime A n t i c y c l o n e  
B = E a s t e r l y  Wave 
C = W e s t e r l y  Wave 
D = C o n t i n e n t a l   A n t i c y c l o n e  

- 
blar. - 

4 3 . 5  

0 

3 0 . 6  

2 5 . 9  

2 9 . 0  

5 1 . 6  

1 9 . 4  

- 

- 
Apr. - - 

6 6 . 7  

0 

6 . 7  

2 6 . 7  

20.0 

7 0 . 0  

10.0 

- 

- 
?Sa v - - 

8 8 . 7  

0 

l . E  

9.7 

4.E 

8 8 . 7  

6.: 

- 

- 
J u n e  - - 

9 0 . 0  

0 

6 . 7  

3 . 3  

0 

9 5 . 0  

5 . 0  

- 

- 
Ju 1 y - 

9 0 . 3  

6 . 5  

3 . 2  

0 

0 
100.0 

0 

- 
Air Mass   Types  

- 
Aug. - 

8 6 . 8  

6 . 6  

6 .6  

0 

0 

LOO. 0 
0 

- 

2 5 . 8  

2 4 . 2  

CP = C o n t i n e n t a l  Polar 
MT = Maritime T r o p i c a l  

MT-CP = T r a n s i t i o n a l  Air Mass 

- 
__. - Nov . 

4 3 . 3  

0 

2 1 . 7  

3 5 . 0  

2 0 . 0  

5 5 . 0  

25.0 

2 6 . 2  1 5 . 4  

5 4 . 1  2 3 . 6  



impact  in  populated 
Easterly flow assoc 

~~ 

. .  . ,  

areas west,,of KSC. 
iated  .with  the  marit 

During this  period 
im-e  (Bermuda)  anti- 

cyclone will occur during  a  large  percentage of the  time. 
During  the daytime, the  synoptic flow is  enhanced  in  the 
surface layer  by the local  seasbreeze  circulation. As the 
air  associated with the sea breeze  circulation moves onshore, 
a ground  based  mixed  layer  develops. The thickness of the 
mixed  layer  is  a  function  of  the  intensity  of  turbulence 
generated  by mechanical'interaction of  the  air  with  the 
land surface  roughness  elements and  land-to-air  heat  transfer. 
-It is hypothesized  that  Concentrations  of SRB effluents  may 
occur  at  ground  level  locations  in  areas  west of'KSC when 
portions of the  stabi.lized  SRB  cloud are within the sea breeze 
mixed  layer. This hypothesis  -will be tested  in  a plan-ned. 
study.based  on the avaixable stample of  Rawinsondes  obtained 
during  the period.1100 to 1500 EST during  the  summer  months 
(June  through  September)  of  1965. The  sub-sample'of soundings 
which  exhibit  a  well-developed sea breeze and  a  mixed  layer 
extending  above the stabilized  SRB  cloud  will be used  as  input 
data  to  the TJNIVAC 1108 REED  Description. The calculated 
maximum  concentrations  and  dosages  will be compared  with  those 
calculated  at  times  of  the  year  during  different  meteorological 
regimes  and times of  the  day.  If  the  hypothesis  is  verified 
for the 1965 data, a  more  detailed  analysis will be  initiated 
based on the  additional  summer  soundings  that  can be drawn  from 
the  existing  data tapes for  the  year 1962 through 1964 and 
1966. The results of  this  study  will comprise the  maximum 
estimated  impact,  assuming  that  there  are  no  launch  constraints 
based  on  air  quality  impact  considerations. 

During summer nights, the  land  breeze  will  tend  to 
be minimized,  since it is  opposed  by  the  large scale synoptic 
flow; it is during  this  period  when  the flow is  poorly  organized 
that the forecasting  of SRB cloud  trajectory  will be the  most 
difficult. However, calculated  downwind  concentrations  during 
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t h e   n i g h t  are n o t   e x p e c t e d  t o  be as large as those d u r i n g   t h e  
day   because  of t h e  decreased r a t e -o f  v e r t i c a l   d i f f u s i o n  
associated w i t h   t h e   t e n d e n c y  of t h e  a tmosphe re   nea r  t h e  ground 
to become n e u t r a l  or s t a b 1 y " s t r a t i f i e d   d u r i n g  t h i s  period. 

. .  

T h e   i d e a   t h a t  a r e p r e s e n t a t i v e   s u b - s a m p l e  of mete- 
orological data can  be drawn f r o m  a larger sample was.tested 
by   compar ing   pe rcen t   occu r rence  of s y n o p t i c   a n d  a i r  mass t y p e s  
d u r i n g ' 1 9 6 5  fo r  102  cases (based on t w o  NOAA-synop t i c : cha r t s  
per day  a t  1 a.m. and 1 p . m .  EST f o r  o n e  day p e r  week. f o r  .51 
weeks) t o  that  o b t a i n e d  for  7 2 6   c a s e s . b a s e d . . o n  twice da i ly  
d a t a  fo r  363 d a y s .   T h e   r e s u l t s  of t h i s   c o m p a r i s o n . a r e , g i v e n  
i n   T a b l e  2-2. I t  is i n d i c a t e d  t h a . t  t h e  s ta t is t ics  of t h e  sub-  

sample i n  most categories c o r r e s p o n d  c lose ly  t o  ' those  of - . t h e  
p a r e n t   s a m p l e .   - T h e   o n l y   s i g n i f i c a n t   d e v i a t i o n  is  for  t h e ! ;  
o c c u r r e n c e  of s y n o p t i c  Type  C which is u n d e r e s t i m a t e d   i n  t h e  

sub-sample .   This   can  be a t t r i b u t e d  t o  t h e  -fact t h a t  Type C 
is a t r a n s i e n t  phenomena t h a t  is n o t   a c c u r a t e l y .   s e e n  by  
weekly  sampling.  

. .  
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Table 2-2. Percent  Occurrence of Synoptic  and Air Mass 
Types for-the Parent  Sample (726 Cases) and 
the  Sub-sample (102 Cases) for 1965 at KSC 

- .  . .  - . .  . ,  

Synoptic T y p e  Air Mass 

' A  hl T 
CP 
MT-CP 

TOTAL 

B' M 'I' 
. CP 

MT-CI' 
TOTAL 

.C M T 
CP 
MT-Cl' 

TOTAL 

D hl'r 
' C Y .  

MT-CP 
TOTAL 

. .  

TOTAL h! 'I' 
CP 
LIT-CP 

56.2 
0.0 
1.4 
57.6 

3.4 
0.0 
0.0 
3 . 4  

8.3 
1.9 
5.2 
15.4 

0.0 
19.1 
4.1 
23.6 

(37.0 
21.1 
11.0 

. .  I 
- . .  

59.. 8 
0,. 0 
1.0 

60.8 

3.9 
0.0 . .  
0. 0 
3.0 

4.. 9 ', 

I 

- 1  

2.0 
1.0 
7.8 

0.0' ' 

24.5 , , 

2.9 
27.5 ' 

. .  
' '. 

68.G 
2 6 . 5  

4 . 9  

. .  
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A p r e l i m i n a r y   c l i m a t o l o g i c a l   a s s e s s m e n t   s t u d y  w a s  
begun u s i n g  1969 meteorological d a t a   a n d   e f f l u e n t   p a r a m e t e r s  
g i v e n   i n . t h e  Agency  En.vironmenta1 Impact S ta t emen t  for .  t h e . , .  
S p a c e '   S h u t t l e  (13j.. A '  sample  of  101 sound ings   (one   day  
per week  and 2 s o u n d i n g s   p e r   d a y )  were gene ra t ed   f rom a 1969 
met d a t a   t a p e   u s i n g   t h e  m e t  s c r e e n i n g   p r o g r a m ;   W i t h   t h e   a i d  
of t h e  AEC and TVA s t a b d 1 , i t y  c r i t e r i a  output  by the   p rog ram 
f o r   e a c h   s o u n d i n g ,   t h e   h e i g h t  of t h e   s u r f a c e , t r a n s p o r t   l g y e r  
w a s  c h o s e n   a n d   i n p u t   c a r d s   f o r   t h e   p r e - p r o c e s s o r  were 
assembled.   The 101 cases were t h e n   r u n   . t h r o u g h   t h e   m u l t i -  
l a y e r / p r e - p r o c e s s o r  s y s t e m  a n d   t h e   r e s u l t s   t a b u l a t e d .  Table 

2-3 shows  the  two worst, cases o f   t h e  101 processed .   The  
November 16th case is f u r t h e r   i l l u s t r a t e d   i n   F i g u r e  2-1. Note 
t h a t   f o r   J a n u a r y  8, t h e  maximum d o s a g e   a p p r o a c h e s   t h e  c r i t i c a l  
NAS l e v e l  (.2400 PPM-sec). as does t h e  maximum.peak  concentra- 
t i o n   f o r  November 16 ( c r f i i c a l  NAS l e v e l  = 8 PPM)(14).  

. .  

. .  

, .  

. .  

T a b l e . 2 - 3 .  Summary of  Worst Cases from 1969. , ,  

Sample.  of  101 Cases b 

Adjus ted   Cloud 
V e h i c l e  Date Time Model P o l l u t a n t  Rise Height  

Space 01/08/69 122 4 HC1 979.18 
S h u t t l e  
Space 11/16/69  122  4 H C 1  1135.57 
S h u t t l e  

Azimuth Max Peak Max Max Peak 10 Min 
Range  Bearing  Conc.  Dosage T i m e  Mean Conc. 

261.03  80.28  1.522  2176.083  1.450 

1062.87  194.78  5.034 . 719.015  1.198 
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Figure 2-1. Maximum Predicted  (Model 4) Ten-Minute 
Time Mean  Ground-Level  Centerline  HC1 
Concentration  (PPM)  for  a  Normal  Space 
Shuttle  Launch  (Rawinsonde Input Data 
for 11/16/69, 122). 
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Examination  of data obtained  from  towers at various 
locations  at KSC has indicated  that  surface*  temperatures can 
be highly  variable. This variability  leads to a  degree  of 
uncertainty  in the diffusion  calculations,  which  are  usually 
based on data obtained at one location. To illustrate  this 
uncertainty the diffusion  calculation  for  the  worst case 
maximum  centerline HC1 concentration  (11/16/69, 12 Z )  was 
repeated  using a revised  surface  temperature  of O°C which 
was 7OC colder  than  the  original  temperature. This temperature 
difference is within  the  expected  range  of  variability  of 
surface  temperatures at  KSC. The results  are  illustrated  in 
Figure 2-1  (original  calculation,  surface  temperature = 

7. O°C. ) and Figure 2-2 (revised  surface  temperature = O.O°C) . 
It is shown  that the revised  maximum  concentration  increased 
to 6.92 PPM  from  the  original  value  of 5.03 PPM; the maximum 
dosage  increased  from 719 to 831 PPM-sec  for  the  revised 
data.  It  is  concluded  that  surface  temperature uncertainties 
in the  input  meteorological  data  lead  to  uncertainties  in 
the  calculated  air  quality  impact.  Other  workers  have  indi- 
cated  an  uncertainty of as  large  as  a  factor  of  two  in  the 
diffusion  model results, largely  attributable  to  meteorological 
uncertainties. However, field  measurements  taken  after  TITAN 
launches (1) suggest  a  significantly  smaller  uncertainty 
(10 to 25 percent). 

In  view  of  the  uncertainties  in  the  calculations  and 
the  limited sample of KSC  meteorological  data uses, the  results 
for  peak  concentration  described  below  are  considered  very 
preliminary. 

By  comparing the peak  concentration  data to NAS 
standards  the  following  categorization  scheme was devised  by 
Dr. Stephens for  mapping of the  results. Future results based 
on a  large  data  sample  will use the  color  categories  given 
below: 

* Actual  height  about  2m  above  surface. 
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Figure 2-2. Maximum Predicted  (Model 4) Ten-Minute  Time 
Mean  Ground-Level  Centerline  HC1  Concentration 
(PPM) f o r  a  Normal  Space  Shuttle  Launch  (Raw- 
winsonde Input Data f o r  11/16/69, 122 Modi- 
fied for  Model  Sensitivity  Test;  Surface (16 Ft) 
Temperature  Reduced by 7OC). 



r 

COIDR ' MAXIMUM PEAK  CONCENTRATION % of CASES* 
( PPM 1 

Green 
Yellow 
Orange 
Red 

< 4.00 
4.01. to  5.00 

5.01  to 8.00 

' 8  

- .  96% 
3% 
1% 
0 

* Based on the  101 cases during 1969 a t '  KSC. 
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2.3.1 Air Quality  Guidelines 

The climatological  air  quality  assessment of  the 
impact of the Shuttle SRB exhaust  cloud requires the compar- 
ison  of  ground-level  concentration  and dosage predictions to 
air  quality  guidelines given by the  National  Academy of Sci- 
ences (NAS), with  the  exception of industrial standards ap- 
plicable to KSC which  assume  chronic  exposure. There are no 
national  standards  for the short-term  exposures  associated 
with  aerospace  exhaust  effluents  (Ref 14). A graphical  il- 
lustration  of  how  a  statistical  summary of dosage predictions 
can  be  compared with an NAS guideline  for  aerospace  appli- 
cations  is  given in Figure 2-3. The particular  NAS  guide- 
line  used  in the illustration is  the short-term  public  limit 
for  a  10-minute  average  exposure (STPL 10) which is 4 parts 
per  million  (ppm) for HC1 with an 8 ppm ceiling. This  is 
equivalent  to  a  dosage of 2400 ppm-sec. The cumulative  dis- 
tribution  of  maximum  10-minute  dosages  (expressed in  percent 
of 2400 ppm-sec) predicted-by the  NASA/MSFC  REED Descrip- 
tion  for 101 cases  during 1969 is  plotted  in Figure 
2- 3 .  It is shown  that 98 percent  of  the  predicted  dosages 
were  less  than 34 percent  of  theSNAS  standard. The largest 
predicted  dosage was 2176 ppm-sec  (January 8, 1969), which 
was 91 percent  of  the  NAS  standard. These results are  pre- 
liminary.  Additional  calculations,  based on an  up- 
dated diffusion model, the  objective methods for specifi- 
cation  of  the standard deviation-of wind  azimuth angle (SIGAR) 
and  transport  layer height, and  the  large sample of data available 
for 1965  (r1400 cases)  will  be  made as the  study  continues. 

Initial  indications  suggest  that  the Space Shuttle 
does  not  have  an  air  quality  problem  under  normal  atmospheric 
conditions. However, marginal air quality conditions could 
exist within KSC which  could  result in a  requirement  for 
crowd  control. 
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Figure 2-3. Cumulative  distribution,of  maximum  predicted 
10-minute  dosage  expressed in percent of NAS 
short-term  public  limit (STPL). (Preliminary 
result  based on  101  cases calculated'from KSC 
Rawinsonde  data at OOZ and 122) 
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2 .3 .2  T r a n s p o r t   D i r e c t i o n   o f   t h e   S t a b i l i z e d  SRB Cloud 

The s t a t i s t i c s  o f   e x p e c t e d   t r a n s p o r t   d i r e c t i o n   o f   t h e  
s t a b i l i z e d  SRB e x h a u s t   c l o u d   g i v e   a n   i n d i c a t i o n  of t h e  d i r -  
r e c t i o n   w h e r e   s i g n i f i c a n t   i m p a c t  is  most p robab le   ( a s suming-  . .  

n o   m e t e o r o l o g i c a l   l a u n c h   c o n s t r a i n t s   w i t h   r e g a r d   t o   e x p e c t e d  
a i r  q u a l i t y   i m p a c t ) .  A p r e l i m i n a r y   e v a l u a t i o n   o f   t h e   d i s -  
t r i b u t i o n   o f  SRB e x h a u s t   c l o u d   t r a n s p o r t ,   b a s e d   o n  101 cases 
i n  1969,  is i l l u s t r a t e d   i n   F i g u r e  2-4. T h e   t r a n s p o r t  
d i r e c t i o n  w a s  e s t i m a t e d   f r o m   R a w i n s o n d e   d a t a   b y   t a k i n g   t h e   w i n d  
d i r e c t i o n  a t  t h e   a l t i t u d e   n e a r e s t   t h e   c l o u d   s t a b i l i z a t i o n  
h e i g h t .  I n  more  than 70 p e r c e n t   o f   t h e  cases t h i s   a l t i t u d e  
was w i t h i n  100 meters of t h e   c l o u d   s t a b i l i z a t i o n   a l t i t u d e .  
F o r   t h e   o t h e r   c a s e s ,   e x a m i n a t i o r o f   t h e   w i n d   d i r e c t i o n   p r o f i l e  
d i d  n o t  j u s t i f y   i n t e r p o l a t i o n  t o  o b t a i n  a b e t t e r  estimate of 
w i n d   d i r e c t i o n .   T r a n s p o r t   d i r e c t i o n  is t a k e n  as  180 d e g r e e s  
p l u s   t h e   w i n d   d i r e c t i o n .   T h u s   a n  east  wind (90') r e s u l t s   i n  / I  

a w e s t w a r d   t r a n s p o r t   d i r e c t i o n  (270O). I t  is shown t h a t  t h e  ' ' ' r 4 j :  .' 
t r a n s p o r t   d i r e c t i o n s   w i t h   t h e   l a r g e s t   c a l c u l a t e d   f r e q u e n c y  
o f   o c c u r r e n c e   ( 1 2   p r e c e n t )  were e a s t - s o u t h e a s t   a n d   n o r t h w e s t .  
F u r t h e r   c o m m e n t s   o n   t r a n s p o r t   d i r e c t i o n  s ta t is t ics  are re- ' .  . .  

s e r v e d  for f o r t h c o m i n g   c a l c u l a t i o n s   b a s e d   o n   l a r g e r   d a t a  
s a m p l e s .   T h e   d i s t r i b u t i o n  of t r a n s p o r t   d i r e c t i o n  a t  KSC 

w i l l  be d e r i v e d  a s  a f u n c t i o n   o f  time of  day (0100, 0700, 1300 ,  
1900 EST) f o r   t h e   1 9 6 5   t r a n s p o r t   d i r e c t i o n s  f o r  e a c h  time of , ,  

d a y   t h a t   c a n   b e   o b t a i n e d   u s i n g   t h e   1 9 6 5   d a t a .  

. .  

- i  I 
. .  

, .  

. . .\ L 
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KENNEDY SPACE CENTER 

. CAP.E CANAVERAL, FLA. 

"Figure 2-4. Transport  direction at cloud  stabilization 
height  expressed  in  percent  occurrence. 
Based on weekly  Rawinsonde  data  obtained 
twice daily (OOZ, 122) during 1969 
(101) cases). 



2 . 4  NEW OBJECTIVE CONCEPTS 

A p o r t i o n   o f   t h i s   s t u d y   e f f o r t  w a s  s p e n t  i n  e x p l o r i n g  
new c o n c e p t s   f o r   t h e   o b j e c t i v e  a n a l y s e s  o f   t h e   m e t e o r o l o g i c a l  
d a t a .   T h e s e   o b j e c t i v e   a n a l y s e s ,   i f   p r o v e n  by t h e o r y  and t e s t ,  ".. 

w o u l d   a l l o w   t h e   a u t o m a t i c   s e l e c t i o n   o f  REED D e s c r i p t i o n   p a r a -  
meters. T h a t  w o u l d   l e a d   n o t   o n l y   t o  a l a r g e   s a v i n g s  i n  man- 
p o w e r   b u t   t o  a b e t t e r ,  more  uniform treatment of  t h e  data.  

2 . 4 . 1   T r a n s p o r t  Layer H e i g h t   D e t e r m i n a t i o n  

An a t t e m p t   t o   d e v e l o p   o b j e c t i v e  c r i te r ia  f o r   s e l e c t i o n  
o f   t h e   t r a n s p o r t   l a y e r   h e i g h t   u s e d  i n  t h e  NASA/MSFC Multilayer 
D i f f u s i o n  Model h a s  been made. A c c e p t a b l e  c r i te r ia  w i l l  pe rmi t  
the   deve lopment   o f  a c o m p u t e r   c o d e   f o r   t h e   a u t o m a t i o n   o f  t r a n s -  
p o r t   l a y e r   h e i g h t   s e l e c t i o n .   A l t h o u g h  an  a c c e p t a b l e  set  of  
o b j e c t i v e  cr i ter ia  have   no t   ye t  been f o u n d ,   p r e l i m i n a r y  cri-  
teria have  been established and are b e i n g   t e s t e d .  

Two sets o f  c r i te r ia  l i s t e d  i n  Tables 2-4 and 2-5 
we%e s t u d i e d .   T h e   r e l a t i v e   f r e q u e n c y   o f   o c c u r r e n c e   o f   t h e  
v a r i o u s   t r a n s p o r t  layer c a t e g o r i e s  are a l s o   g i v e n  i n  t h e  
t a b l e s .  I n  t h e   f i r s t  set of  c r i te r ia ,  o u t l i n e d  schematically 
i n  F igu re   2 -5 ,   s t rong   emphas i s  is  p l a c e d  on t h e   e x i s t e n c e   o f  
stable l a y e r s   b e l o w   t h e   c l o u d .   T h i s   r e s u l t s  i n  a l a r g e  number 
of t r a n s p o r t   l a y e r   h e i g h t s   b e l o w   c l o u d   s t a b i l i z a t i o n   h e i g h t ,  
which i n  e f f e c t   r e d u c e s   c a l c u l a t e d   g r o u n d   l e v e l   c o n c e n t r a t i o n s  
by   r educ ing  t h e  amount  of  cloud mass which can be d i f f u s e d  down- 
ward. I f   t h e s e  stable l a y e r s  are p r o v e n   t o   h a v e  a smaller f r e -  
q u e n c y   o f   o c c u r r e n c e   b e c a u s e   o f   i n a c c u r a c i e s  of the   Rawinsonde  
data o r  are n o t   r e l a t e d   t o   a c t u a l   t r a n s p o r t  layer h e i g h t s ,  
t h e   c a l c u l a t e d  a i r  q u a l i t y   i m p a c t  w i l l  n o t  be c o n s e r v a t i v e .  
I n  t h e   p r e s e n t  stage o f   d e v e l o p m e n t   o f   o u r   c a p a b i l i t y   t o   p r e -  
d - i c t  a i r  q u a l i t y   i m p a c t ,  i t  is n o t   d e s i r a b l e   t o   u s e   t e c h n i q u e s  
t h a t  may later be p r o v e n   u n c o n s e r v a t i v e .  

The c r i te r ia  l i s t ed  i n  Table 2-5 w i l l  g i v e   c o n s e r v a t i v e  
r e s u l t s   b e c a u s e   e m p h a s i s  is g i v e n   t o  t h e  o c c u r r e n c e  of w i n d  
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F i g u r e  2-5. T y p i c a l   T e m p e r a t u r e   S o u n d i n g s   f o r   V a r i o u s  
M i x i n g   D e p t h   C a t e g o r i e s   o f   T r a n s p o r t   L a y e r  
He igh t   G iven   by   C i rc l ed  Number. 
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T a b l e  2-4. T r a n s p o r t  layer he igh t  p e r c e n t   o c c u r r e n c e   i n  s i x  
categories derived from weekly  Rawinsondes 
at  KSC d u r i n g  1969. 

1. Base of s t a b l e   l a y e r   a b o v e   c l o u d ;  
n o  s tab le  l a y e r s  or i n v c r s i o n s  a t  
or t)c:low t h e   c l o u d  a1 t i  t u d e  

2. Top or g r o u n d   b x s e d   s t a b l e  o r  i n -  
v e r s i o n   l n y c r   i n   w h i c h  the c l o u d  
is immersed  

3. Base of s t a b l e  or i n v e r s i o n   l a y e r  
i n  which the c l o u d  is i m m e r s e d ;  no 
s t a b l a  or i n v e r s i o n   l a y e r s  belorv 

4 .  Top of  g r o u n d  bascd i n v e r s i o n  bc- 
n e a t h   t h e   c l o u d  

5 .  Top of g r o u n d   b a s e d  s table  l a y c r  
b e n e a t h   t h e   c l o u d  ( A )  

6. Base of lowest s t a b l e   l a y e r   b e n e a t h  
c l o u d  

PI<lKKNT O(:CURlll~NCI:S 

12002 ooooz 

80 CaSPs 51 cases 101 cases 

10.0 7.8  8.9 

(0700 EST) (1800 t S T )  Coolbinad 

0.0 3.9 2.0 

10.0 11.8 10.9 

48.0 2 1 . 6  34.7  

2 4  .o 2 1 . 6  22.8 

8.0 33.3 2 0 .  a 

( A )  C;l tegory  5 is s y n o n o m o u s   w i t h   c a t c K o r y  4 ivhen t h e  s t a b l e  layer 
e s t e n d i n K   u p w a r d   f r o m   t h e   g r o u n d   c o n s i s t s   s o l c l y  of a t e r n p r r n t u r e  
i n v e r s i o n .  
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1. 

2 .  

3 .  

4 .  

5 .  

c a t e g o r i e s   d e r i v e d  f r c ~ m  weekly  Rawinsondes 
a t  KSC d u r i n g   1 9 6 9 .  

CATEGORY PERCENT OCCURRENCE 

' ,  ooz 122 
1 .  ' . . . I  1900 EST 0700 EST Combined 

Base of s t a b l e  l aye r '  
a b o v e   e x h a u s t   c l o u d   6 4 . 7   6 4 . 0  6 4 . 4  

Top of wind   shea r  
l a y e r  ' 1 9 . 6  8 .0  1 3 . 9  

Base of wind   shea r  
l ayer  0 2 . 0  1 . 0  

Top of  s u r f a c e   b a s e d  
s t a b l e  l a y e r  w i t h  
p o t e n t i a l .   t e m p e r a t u r e  
g rad ien t   > .0098OC/mete r  
e x t e n d i n g  t o  a l t i t u d e s  
>250 meters 1 3 . 7  8 . 0  ! 1 0 . 9  

Top of s t a b l e  l ayer  i n  
wh ich   c loud  is immersed 2 . 0  4 . 0   9 . 9  

51 cases 50  cases 
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s h e a r s   a n d  s table  l a y e r s   a b o v e   c l o u d   s t a b i l i z a t i o n   h e i g h t .  

. .. . -  

A c o d e   h a s   b e e n   w r i t t e n   w h i c h   e x e c u t e s   t h e   l o g i c  
d e v e l o p e d   b y   t h e  H.  E .  C r a m e r  C o .  for s e l e c t i o n  of t h e   h e i g h t  
o f   t h e   s u r f a c e   t r a n s p o r t   l a y e r . ;   s e l e c t i o n  is  based   on  c r i t e r i a  
f o r   t h e   v e r t i c a l   g r a d i e n t  of v i r t u a l   t e m p e r a t u r e  ATv/Az sum- 
mar ized   be low:  

0 A ground   based   i nve r s ion  is d e f i n e d  i f  

Az > lOOm and > -.0005 O C / m  
AZ 

- .- - " 

Az = z - z > l O O m  an.d 2 1 -  

Az 

wh,ere z2 ' z1 

I f  a g r o u n d   b a s e d   i n v e r s i o n   e x i s t s ,   t h e   h e i g h b o f   s u r f a c e  
t r a n s p o r t   l a y e r  is s p e c i f i e d  as t h e   t o p   o f   t h e   g r o u n d   b a s e d  
i n v e r s i o n ;   o t h e r w i s e  it is t h e  h e i g h t   o f   t h e   b a s e   o f   t h e  
f i r s t   s t a b l e   l a y e r   a b o v e   t h e   g r o u n d .   I f   t h e   b a s e   o f  t h e  f i r s t  
s t a b l e   l a y e r  is above 3000m t h e   d e p t h  i s  se t  e q u a l   t o  3000m. 

The  code w i l l  b e   u s e d   f o r   s p e c i f i c a t i o n   o f   t h e   s u r f a c e  
t r a n s p o r t   l a y e r   f o r   t h e  1965 Rad iosonde   da t a  (>1400 cases) .  
T h e   c a l c u l a t i o n  of t r a n s p o r t   l a y e r   h e i g h t ,  Hm, w i l l  be  made 
c o n c u r r e n t   w i t h   t h e   c a l c u l a t i o n  of t h e  s t a b i l i z a t i o n   h e i g h t ,  
Hs, of t h e  SRB c l o u d .  A c r i t e r i a  w i l l  be e s t a b l i s h e d  t o  
i d e n t i f y  cases when c a l c u l a t e d  downwind c o n c e n t r a t i o n s   a n d  
dosages  are e s s e n t i a l l y  zero. These cases are a s s o c i a t e d  
w i t h  a v e r y  low t r a n s p o r t  layer h e i g h t   r e l a t i v e  t o  c l o u d  
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s t a b i l i z a t i o n  h e i g h t s .  The cr i ter ia  would be of t h e  form 

Hs - Hm L X 

where X would be s e l e c t e d   o n   t h e  basis of a s u b - s e t  of d i f -  
f u s s i o n   c a l c u l a t i o n s  f o r  v a r i o u s   v a l u e s  of H - Hm. The 
r e s u l t s  of these c a l c u l a t i o n s   c a n  be i l l u s t r a t e d   h y p o t h e t i c a l i y  
as shown i n   F i g u r e  2-6; based on t h i s  h y p o t h e t i c a l   e x a m p l e  X 
would be chosen  t o  be 400 meters. 

S 

The cr i ter ia  would be used  t o  e l i m i n a t e   t r i v i a l  Cases 

from t h e  large p a r e n t  sample. 

2.4.2 B i v a r i a t e  N o r m a l  Wind D i s t r i b u t i o n  

I n   a d d i t i o n   t o  t h e  other  a n a l y s e s  of t h e  1965 da ta ,  a 
s t u d y  of t h e  t h e o r y  of t h e  b i v a r i a t e   n o r m a l   d i s t r i b u t i o n   a n d  
i t ' s  u s e   i n   s u m m a r i z i n g  t h e  wind statistics a t  KSC w a s  con- 
d u c t e d .  The theore t ica l  e q u a t i o n s   a n d   d e r i v a t i o n   s u p p l i e d  
by 0. E .  Smith  of  NASA/MSFC were checked o u t ,   a n d  t h e  e s s e n t i a l  
equat ions   have   been   coded .   Given  t h e  b i v a r i a t e   n o r m a l  s t a t i s -  
t i c s ,  the p r o g r a m   o u t p u t s  t h e  f o l l o w i n g :  

0 The d i s t r i b u t i o n  of w i n d   d i r e c t i o n .  

0 The d i s t r i b u t i o n  of wind speed g i v e n  a spec i f ic  
d i rec t  i o n  ( 15 1.  

S i n c e  t h e  m o n t h l y   b i v a r i a t e  n o r m a l  s t a t i s t i c s  have 
already b e e n   c a l c u l a t e d   f o r  KSC, t h e  programs developed  would be 
used  as p a r t  of o u r   o p e r a t i o n a l   f o r e c a s t i n g  scheme. 

2.4.3 .~ Development of O b j e c t i v e  Methods f o r  E s t i m a t i o n  of 

~ - ~ -  Meteorological I n p u t  Variables f o r  t h e  M u l t i l a y e r   D i f f u s i o n  
Model 

The development of o b j e c t i v e  methods f o r  t h e  e s t i m a t i o n  
of meteorological i n p u t   v a r i a b l e s  fo r  t h e  M u l t i l a y e r   D i f f u s i o n  
Model r e q u i r e s  t h e .  f o l l o w i n g :  
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-400 -200 0 200 400 

H, - H, (meters) 

Figure 2-6. Hypothetical  schematic  representation of 
relation  between  air  quality impact of SRB 
cloud  and  the  difference  between  cloud 
stabilization height  and  transport  layer 
height (Hs - Hm). 
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0 Establishment  of a  theoretical  basis  for  the 
method, 

of  the  standard  deviation  of  wind  azimuth  angle 
over a  ten-minute  period (SIGAR) and  for specifi- 
cation of  height  of the transport  layer (H,), 

data sample, 

new codes. 

0 Development of  computer  codes  for  calculation 

0 Testing the  computer codes for  a  climatological 

0 Modification  of  the  preprocessor to include  the 

The theoretical  basis (16) f o r  the  method  selected 
. .  

for  estimating SIGAR is  based  on  solution  of  equat.ion 

where u v  = s t a n d a r d   d e v i g t i o n  of the 1:tter:tl 

c o m p o n e n t  of ' t u r b u l e n c e  (m/sec> 

U = m e a n   w i n d  s p e e d  (m/SeC> 

T h e  f u n c t i o n  of' R i c h a r d s o n   n u m b e r ,  Y ( R I ) ,  

f o r  u n s t a b l e   c o n d i t i o n s  is 
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For stable  conditions’(l7) 

7 1ZI 
1-7111 Y’(F.1) = ”” 

T h e  right  side of Equation 1 was derived (16) 
by subsitution o f  expressions  for u and U given below fo r  
the ratio ov/U. 

V 

u = p * f ( 1 3 )  
V 

where p *  is the friction  ve.locity,  and  the  function f ( B )  is 
accurately n p p r o x i m a t e d  by  Pitting  line segments to exper- 
imental  measurements of the  ratio u v / p *  according to, 

f(B) B 
2.7 
2.7 + 112(.008+B) “008 < B < - .00175 
3.4 - 725.5(.00175+B)  -.00175 < B < .0008 
1-55 + 38.04(B-.0008) 
2.35 + 5.43(B-.029)  .029 < B 

- 
B < - .008 

- 
- 

.0008 < B < .029 - 
- 

T h e  Richardson  number, RI, is defined by 

where g = acceleration of gravity (m/sec 2 ) 
t = absolute  temperature ( O I ~  

” 

az - vertical  gradient of poten‘tial 
temperature ( O K / ~ )  

2-30 



"_ - a.i: - v e r t i c a l  g r a d i e n t  of wind s p e e d  ( l /sec)  

T h e   q u a n t i t y  -. 80 - c a n  be expressed a s  a f u n c t i o n  bf pressure a n d  

v e r t i c a l .   g r a d i e n t  of t e m p e r a t u r e   a c c o r d i n g  t o  
az 

ao - A O  1000 288 

w h e r e  P is t h e  p r e s s u r e  i n  mill ibars.  

S i n c e   a v a i l a b l e   w i n d   m e a s u r e m e n t s  are n o t   s u f f i c i e n t l y   a c c u r a t e  
f o r  e s t i m a t i o n  O P  t h e   d e n o m i n a t o r   i n   E q u a t i o n  (7), i t  is n e c c s -  
s a r y  to e s t i m n t e  RI P r o m  measurements of t h e  n o n - d i m e n s i o n n l  
s t n b i  1 i 1.y rat  i o ,  L3. 

w h e r e ,  z = t h e  geometric mean' h e i g h t  (m) between t h e  t op  a n d  
bot tom o f  t h e  l ~ y c r  c o n s i d e r e c l  (17) 

- 

U = m e a n .  w i n d   s p e e d   i n   t h i s   l a y e r .  (m/sec) 

w h e r e ,  $ ( R I )  = (1-16RI)-' f o r   u n s t a b l e   c o n d i . t i o n s  (11) 

' ( R r )  = 1 - 7111 . , 

I for s t a b l e  c o n d i t i o n s  (12) 

2-31 



- . "_ ._ . .. . . _.. . ..  ... . __ _" . 

For s t a b l e  c o n d i t i o n s  i t  c a n  be shown t h a t   E q u a t i o n .  (10)  is 
a q u a d r a t i c   f u n c t i o n  of t h e  parameter y .  

y 2  + y/7ltB' - (k+1)/71c = 0 ( 1 3 )  
1 

w h e r e ,  y = ( R I ) "  (13a) 

k = l n ( z / z  )-1 o ( 1 3 b )  

IIT = y 
2 

An a d d i t i o n a l   c o n s t r a i n t  is r e q u i r e d  to a s s u r e   t h a t  

p h y s i c a l  117 re:tli s t i c  v a l u e s  o f  R I  a r e  c n l c u l n t e d  f o r  s t a b l e  

conditions; e x a m i n a t i o n  of  E q u a t i o n   1 2   r e v e a l s   t h a t ' : a   s i n g u l a r -  
i t y  e x i s t s  [ 'or 111 = 1./7. The  s i n g u l a r i t y  i.s e l i m i ' n a t e d  by  as- 
s u r n i n g  @ ( H I )  = @ ( . 1 3 7 )  f o r  RI > .137. T h i s  c o n s t r a i n t  is irn- 

p l c . m e n t e d  o n l y  i n  ra re  i n s t a n c e s   d u r i n g   e x t r e m e l y  s t a b l e  c o n -  
d i t - i o n s .  This p r o b l e m  is also e v i d e n t   i n  Golder's nomogram 
(17) f o r   e s t i m a t i n g  R I  from B ;  t h e  R I  s ca l e  o n   t h e   n o m o g r a m  
h;is a rnnximum v a l u e  of - . 1 3 ,  

I 

For unst.aI)le c o n d i t i o n s   E q l 1 a t i o n  1 0  c a n  be  w r i t t e n  
;1S 1 1 -x 

_" 2 - B = 0  

16x2 [1nz/zo+.508F4-2[ln(l+x)]-ln(l+x 2 ) + 2  t a n - l x  1 
(14 1 

where s is g i v e n   b y   E q u a t i o n  2a .  E q u a t i o n  1 4  is s o l v e d  

b y  Newton  ' s r n e t h o d .  
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The  methodology for c a l c u l a t i o n  of SIGAR can  be 
summarized a s  f o l l o w s :  

0 C a l c u l a t e  B from a v a i l a b l e   t o w e r  o r  Rawinsonde 
d a t a   ( E q u a t i o n  9)  

0 E v a l u a t e  F ( B )  ( E q u a t i o n  7 )  
e S p e c i f y  z A r e a s o n a b l e  f irst  

: ~ p p l * o s i m i ~ t i o n  .is z = .25m (18) 0' 
0 

0 Solve   Equa t ion  13 0 1 '  14 ( u n s t a b l e  or s t a b l e  
c o n d i t i o n s )  t o  o l> t : i i n  RI from  Equation 11 or 
13a r e s p e c t i v e l y  . 

0 Cal . cu la t e  SIGAR. from Equat ion  1. 

Pre l . imi ,na ry   ca l . cu la t ions   u s ing   Rawinsonde   da t a   and  
d a t a   c o n s t r u c t e d  r o r  the   pu rpose  of comparison w i t h  Cramer 
CO.  SIGAR v:1lues (19)  a r e   g i v e n  i n  T a b l e s  2-8 and 2-9 
r e s p e c t i v e l y .  

Tajnlc 2-6.. C a l c u l a t i o n s  of S I G A R  us ing   Rawinsonde   da ta  
b e t w e e n   t h e   s u r f a c e   a n d   t h e   . f i r s t   s t a n d a r d  
p r e s s u r e   l e v e l  ( 1 , 0 0 0  mb) with z = . 25m. 

0 

Date  S I G A R  A O / A z  U 
( ' 6 9 ,  122 ,  0700 EST) ( d e g )  ( ' C / 1 0 0 m )  ( m / s e c >  

111 1 0 . 8  -. 075 13. 
1 / 1 5  7 . 2   . 9 8  8 .  

1 / 2 9  7 . 1  . 9 3  11. 

215 

2 /  1 2  

7 / 7  
7 /  14 
7 / 2 1  

7 / 2 8  

814 

7 . 7  2 . 3 8  

8 . 0   1 . 2 0  

16.3 

1 7 . 2  

7 . 6  

1 5 . 7  

14 .5  

- .  69 

-. 88 

.83 

-. 20 

-. 90 

3 . 5  

4 .  

G. 
6 .  

4 .  

2 .  

1 4 .  
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Table 2-7 .  C o m p a r i s o n  of c a l c u l a t e d  S I G A R  '2) w i t h  v a l u e s  

\V i. 11 d 
S p e e d  
at 1 8 m  

m sec , 
-1. 

1-2 

2 -4 

- - - 

4 - 7 

7-11 

STABILITY CLASS 
" - " 

V e r y  
U n s t a b l e  
( A T = - 1  . 4 6 '  

21.29 

(25. 

18.13 

(16 .  

.______ 

20.03 

15.65 

S l i g h t l y  
I n s t a b l e  

( A T  = 
- 0 .  8 C )  

8.73 

(14.) 

11.87 

(10 )  

12.11 

(9.5) 

I; 
I+ 

-_ 

" 

" 

Vear-Neu- 
t r a l  or 
r r a n s i t i o n -  
31  (AT=OC) 

.. . ... 

9.35 

(8.5) 

S l i g h t l y  

(AT=2. OC) (AT = 
S t a b l e  S t a b l e  

V e r y  

0 .4C)  

8.83 5.4 

(7.5)- (5.5 

9.10  9.38 

(7.5)  (5.5 

- - .. - - - - - 

8.78 8.95 

(8.0)  (7.0 

8.73 8.76 

(8.5) [Note 
31 

(1) AT measured b e t w e e n  3m a n d  60m. 
(2) S I G A R  is t h e   s t a n d a r d   d e v i a t i o n  of t h e   w i n d   a z i m u t h  

( 3 )  Very s t . n b l e  c o n d i t i o n s   c a n n o t   o c c u r   w i t h  KSC w i t h   s u c h  
a n g l e   m e a s u r e d   o v e r  a 1 0 - m i n u t e   p e r i o d .  

l a r g e   w i n d  spctclds. 
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T e s t i n g  of the   computer   code  f o r  SIGAR u s i n g   t h e  1965 

KSC Rawinsonde data h a s   b e g u n .   P r e l i m i n a r y  r e s u l t s  f o r   J a n u a r y  
and   February  data  are summar ized   i n   Tab le s  2-8  and  2-9. 
Table  2-8 i n d i c a t e s   t h a t   n o n e   o f   t h e   c o m p u t e d   v a l u e s  of SIGAR 
were less t h a n  3 d e g r e e s ,   v e r y  f e w  were greater t h a n  18 d e g r e e s  
and  most were between 6 and 9 d e g r e e s .   T a b l e  2-9 i n d i c a t e s  
t h a t  for a p a r t i c u l a r   p o t e n t i a l   t e m p e r a t u r e   g r a d i e n t ,  SIGAR 
i n c r e a s e s   w i t h   d e c r e a s i n g   w i n d   s p e e d .  Table  2-9   should   be  
expanded t o  cove r  more w i n d   s p e e d   a n d   p o t e n t i a l   t e m p e r a t u r e  
g r a d i e n t   i n t e r v a l s  as t h e   c a l c u l a t i o n s   b a s e d   o n  a l l  t h e  1965 
d a t a  become a v a i l a b l e .  

Table  2 - 8 .   D i s t r i b u t i o n   o f  SIGAR computed  from  Rawinsonde 
Data ( Janua ry ,   Feb rua ry   1965 ,   239   sound ings )  

SIGAR ( d e g )  
<3  

' 3-6 

6-9 
9-18 

> 18' 

Percen t   Occur rence  
0 

22 .6  
4 8 . 1  
25 .5  

3 . 8  

Table  2-9. Mean  SIGAR ( d e g )  as  a Func t ion  of P o t e n t i a l  
Tempera tu re   Grad ien t  f o r  Two Wind S p e e d   I n t e r v a l s  
( J a n u a r y  1965, 26 cases) 

ne/AZ ("c/m.) 
\. 0017 -. 0017  .0016 .0017 

t o  .0016 t o  .0070 t o  .0187 
U ( m / s e c )  

4-8 1 3 . 6  6 . 3  6 . 1  5 .9  

2-4 1 7 . 5  * * 7 . 7  

* 
N o  Data 
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2 .5  'MODIFICATION TO THE "UNIVAC '1108 VERSION 'OF 'THE REED 
. .  I 

, .-. I 
' DESCRIPTION AND THE. CLOUD. RISE PROGRAM > .  ' 

. .  . _  .~ 

I n   t h e '  area of climatological , a s s e s s m e n t ,   o n e  of 
, ,. - 

t h e  major t o o l s  is t h e  NASA/MSFC REED D e s c r i p t i o n  ( 2 ) .  In' 
t h e   o r i g i n a l  mode o f   o p e r a t i o n ,  a p re -p rocesso r   p rog ram 'was  
r e q u i r e d  t o  r e a d   t h e   m e t e o r o l o g i c a l   d a t a   a n d   c a l c u l a t e   c l o u d  
rise a n d   c l o u d   l o c a t i o n .   T h i s   p r o c e s s   h a s   b e e n   a u t o m a t e d ' s 0  
t h a t   t h e  t w o  programs are e x e c u t e d   i n   o n e   j o b  stream ..., I n s t e a d  
o f   p u n c h i n g   c a r d s ,   t h e   c l o u d  rise p r o g r a m   b u i l d s   d i 3 k   f i l e  
where   each  case p r o c e s s e d  is  g i v e n  a u n i q u e   i d e n t i f e r ,  The 
REED p r o g r a m   t h e n   e x e c u t e s - w i t h   . t h e  capability..,of.-choQ,sing 
any of t h e  cases f r o m   t h e   c l o u d  rlse f i l e   i n  any   order .   Addi -  
t i o n a 1 , f l e x i b i l i t y  is  a c h i e v e d   b y   a l l o w i n g   t h e   u s e r   t o   o v e r -  
r i d e   a n y   p a r a m e t e r s  set by t h e   c l o u d  rise p r o g r a m   p r i o r   t o   t h e  
e x e c u t i o n  of t h e  REED D e s c r i p t i o n .  

. .  

' .  F o r   t h e   p u r p o s e s  of documen ta t ion   and   compac t   s to rage ,  
t h e   c a p a b i l i t y   t o   p r o d u c e  a d u p l i c a t e   c o p y ' o f  'all p r i n t e r  

I .  

. .  . . 

. out,put  on . .  p l o t   p a p e r  was a d d e d .   T h i s   p l o t t e r   o u t p u t  is much . .  
m o r e   s u i t , a b l e   t h a n   p r i n t e r   o u t p u t   f o r  8 s  by 11" documents ,  an'd 
is a l s o  more e a s i l y  f i l e d .  In a d d i t i o n ,   t h e   t a p e s   f r o m   w h i c h '  
t h e s e   p l o t s  are made can  be  saved  and '   used as  d a t a  f i l e s  from" 
w h i c h   a d d i t i o n a l   c a l c u l a t i o n s   c a n  be per formed.  

. 1,: ' 

. .  

. ,  > ' .  ' ,'. . .  

F . i n a l l y ,   t h e   c a p a b i l i t y  t o  p r i n t .  a ta ,b le   summar iz ing  
t h e  most c r i t i c a l  p a r a m e t e r s   f o r   e a c h  case i n  a p a r t i c u l a r   r u n  
w a s  a d d e d   t o  t h e  c o d e .   - T h u s   i n  a, run  where many cases are 
p r o c e s s e d ,  t h e  u s e r   c a n   q u i c k l y   d e t e r m i n e   w h i c h  cases are t h e  
more c r i t i c a l .  T h i s   t a b l e   c a n   b e   c o n v e n i e n t l y   u s e d   d i r e c t l y  
f o r   d o c u m e n t a t i o n   p u r p o s e s .  
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\ 
! 2.5.1 Screening Program Modification 

', Modifications to provide  additional  capabilities 
I 

for  the  Meteorological Data  Screening'Program were  completed. 
* 

I 
i The MET  Screening reads in cards, which indicate  which  sound- 

ings to  search for, and reads from  met data tapes, then  it 
generates as output, plots, cards, and  printout  for  each 
sounding  processed. 

The plots include  a  list of the cloud rise heights 
plus the following  plots: 

0 Wind  Speed  versus  Altitude 
0 Wind  Direction  versus  Altitude 
0 Dry Bulb and Potential Temperature  versus  Altitude 
0 Temperature, Virtual Temperature, and  Virtual 

Potential  Temperature versus Altitude 

The card  output  from  the  Screening  Program  is  punched 
in  the  format  needed  for  the pre-processor. 

The printout  has been expanded  to  include  stability 
criteria. The data  were  tested  against  both  TVA  and AEC stability 
criteria. The results are printed  in a table  after  the 
original  output has been  completed for each  time. The following 
information is printed: The altitude interval, temperature 
interval, DTODS, AEC stability, potential  temperature interval, 
DPTODZ, and TVA stability. DTODZ is defined  as 

T. - T. a where  i = 1 - no. of .altitudes 
1 1-1 

'i - z2  .) 

T is temperature (OC) 
1-1 Z is altitude (meters) 

DPTODZ  is defined as 

PTi - PTi,l PT is  potential  temperature 

Zi - Zi-1 

* Initially  developed by Dr. Stephens and W. C. Campbell at  MSFC. 
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The AEC and TVA s t a b i l i t y  c r i t e r i a  is l i s t ed  i n  Table 2-10. 
T h i s  added p r i n t o u t  a ids  i n   c h o o s i n g   t h e   h e i g h t  of t h e  
s u r f a c e   t r a n s p o r t  layers needed f o r  i n p u t   i n t o   t h e c l o u d  r i se  
program. 

Table 2-10. S l . : ~ l ) i l i t y  C r i t e r i a  

Urlsl;:lble 

Ncu t r a  1 
hloderately s t a b l e  
V e r y  st.:lble 

- < - .0017 

-. 0017 Y <  . O O I c i  

* 0016 Y <  . 0070  

.00'7 0 Y <  .01.87 

- 
- 
- 

ICxtrclnely s t a b l e  .0187 < Y  
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2.5.2  Addition - of New Vehicle  and  Updating  of  Constants 
The characteristics  of  the  newest  solid  motor in  the 

Thor-Delta  family of launch  vehicles were added to the  Multi- 
layer/pre-processor  system. This new vehicle  is known as the 
Thor-Delta 3914 and  is  the  fifth  vehicle  that  can  be  simulated 
by the code. 

In conjunction  with  determining the values for  con- 
stants associated  with  the 3914, the same cons,tants  were  ex- 
amined  for the other  four  vehicles. These constants  include 
the  following: 

0 QCl,  QC2,  QC3 - total  source  output rates (g/sec)  for  the 
three types of launch  respectively (i.e. normal, abnormal 
with one  motor  burning  on  the pad, abnormal  where  motors 
explode  and  burn  on  the  ground). 

0 QT1,  QT2, QT3 - total  source  strength (g) for  the  three 
types  of  launch  respectively. 

0 HEATN,  HEATM, HEATA - Heat  output  (cal/g)  for  the  three 
types  of  launch  respectively. 

e a,  b, c - Rocket  rise  parameters in  the  equation 
T = azb + c  where T is the  burn  time  and z is  the  altitude 

0 FRQl - Fractional  distribution  of  material  for HC1,  CO, 
C02  and  AL203. 

Table 2-11 lists  the  preliminary  values  determined 
for  these  constants: 
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.Table 2-11. Preprocessor  Program  Constants 

Vehicle 

Para- 
111 c Shuttle 2914 I1 3914 meter 
T i  t an  Space  Thor-Delta  Minuteman  Thor-Delta 

QC 1 

1.631258E8 8.569295E8 3.14229E6 2.810686E7 9.398616E6 QT2 

3.262517E8  1.894794173E9  2.887598E7  2.810686E7 6.701691E7 QT 1 

1.359382E6  3.441484E6  2.729434E5  1.171119E5 3.70731E5 QC3 

2.718764E6 6.882968E6  9.09811E4  4.684476E5  1.4829227E5 QC2 

5.437528E6  1.5219230E7  8.360685E5  4.684476E5  1.057557E6 

3.262517E8  1.713859E9  1.885373E7 2.810686E7 4.699308E7 
(1969.6)* 

2021.1  1479.7  1766.0  2055.9  1449.9 

HEATM 

1000.00  1000.00  690.0  1000.00 411.18 HEATA 

1010.55  1062.35  1000.00 2055.9 1000.00 

QT3 

HEATN 

-co2 .0222  .0286  .0156  .0318  .0331 

-AL203 .2819  .2524  .2214  .2761  .1936 

AA 

0.375 5.0 0.0 0.0 0.0 cc 
.518422 ,468085 ,432703 .463333 ,418095 BB 

.429580  .652213 922156 .469982 1.245756 

*value used in  report;  other i s  up-dated reflecting  latest  result. 
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T h e   o r i g i n a l   r o c k e t  rise e q u a t i o n  T = azb w a s  m o d i f i e d  
t o   t h e   f o r m  T = az +c. The c o n s t a n t  c was added t o  t a k e   i n t o  b 

a c c o u n t   t h e  time l a p s e   b e t w e e n   i g n i t i o n  a,nd l i f t - o f f .  The  param- 
eters a ,  b, and c were o b t a i n e d   f r o m  least  scgares f i ts  of em-  
p i r ica l  t r a j e c t o r y   d a t a .   P l o . t s  of t h e  t ra jector ies  g e n e r a t e d  
by t h e   o l d   v a l u e s   a n d . b y   t h e  new v a l u e s  were made a g a i n s t   t h e  
measured t ra jector ies .  The r e s u l t s . ' a r e  shown i n   F i g u r e s  2-7 " 

t h r o u g h  2-11.' Fo,r e a c h   o f   t h e   o r i g i n a l  four v e h i c l e s ,   t h e  t ra-  
. j e c t o r y   g e n e r a t e d   b y   t h e  new v a l u e s  i s 'c loser  t o   t h e   m e a s u r e m e n t  
than'  is' t h e   o l d   t r a j e c t o r y . "  

- .  

. <  . . ,  

. >  
S i n c e  t h e  burn ra te  fo r  s o l i d   p r o p e l l a n t  motors is 

. .  

i n f l u e n c e d   . b y   t h e   i n i t i a l   t e m p e r a t u r e   o f  t h e  p r o p e l l e n t ,  t h e  

p re -p rocesso r   p rog ram w a s  modified t o  take i n t o   a c c o u n t  t h i s  

i n i t i a l   p r o p e l l a n t   t e m p e r a t u r e .  A t a b l e   o f  t h e  mean temper- 
a t u r e s  a t  KSC f o r  each month w a s  added t o  the   code .   Based   on  
t h e   m o n t h   i n   w h i c h   m e t e o r o l o g i c a l  data  was t a k e n ,  t h e  d e f a u l t  
t e m p e r a t u r e  is o b t a i n e d   f r o m  t h e  t a b l e   a n d   u s e d  t o  compute 
a b u r n - r a t e   f a c t o r  (where 70° is t h e   s t a n d a r d ,   y i e l d i n g  a 
b u r n - r a t e   f a c t o r   o f   o n e ) .   T h e   c a p a b i l i t y   t o   o v e r - r i d e  t h i s  

d e f a u l t  t ab l e  was a l s o   a d d e d  t o  t h e  c o d e ,  s o  t h e  i n i t i a l   p r o -  
p e l l a n t   t e m p e r a t u r e ,  i f  known, c a n  b e   i n p u t   t o  t h e  program. 

V a r i o u s   r u n s  were made w i t h  t h e  UPJIVAC 1108 REED 
! D e s c r i p t i o n / C l o u d  Rise sys tem t o  check o u t  a l l  t h e  mod i f i -  

$ c a t i o n s  made t o  t h e  code;  however no p r o d u c t i o n   t y p e   r u n s  ha-ve 
been   per formed.  
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2.6  SURFACE DEPOSITION MODEL 

T h r e e  major c o n s t i t u e n t s  i n  t h e  SRB and SSME e x h a u s t  
e f f l u e n t s  are A 1 2 0 3 ,  HC1,  and H 2 0 .  The HC1 is of prime conce rn  
e n v i r o n m e n t a l l y   s i n c e  i t  is  p o t e n t i a l l y  tox ic  i n   t h e  gaseous 
p h a s e  and forms a s t r o n g  acid i n  t h e   a q u e o u s   p h a s e .  Two 
p h a s e s  of A 1 2 0 3  can  e x i s t ,  t h e  gamma phase   wh ich  reacts s t r o n g l y  
w i t h  HC1 a n d   t h e   a l p h a   p h a s e   w h i c h  does n o t .   T h e  HC1 

reacts w i t h   a n d  is absorbed by water d r o p l e t s  t o  form a n  
aerosol.  The formation of t h e  aerosol, of course, reduces 
t h e   c o n c e n t r a t i o n  of g a s e o u s  HC1 i n   t h e   a t m o s p h e r e .   T h e  
aluminum oxide absorbs H 2 0  r e a d i l y ;  it is u s e d  as a d r y i n g  
agent i n  laborator ies .  R a i n   f a l l i n g   t h r o u g h  a c l o u d   c o n s i s t -  
i n g  of t h e   r o c k e t   e x h a u s t   e f f l u e n t s   a n d   t h e   e n t r a i n e d  a i r  
can  react c h e m i c a l l y   w i t h   t h e  HC1 a n d   p o s s i b l y   t h e  A 1 2 0 3  and 
c a n   p h y s i c a l l y   i n t e r a c t   w i t h   t h e  HC1 aerosol a n d   t h e  A 1 2 0 3 .  

Thus it c a n  be s e e n   t h a t   t h e  A 1 2 0 3 / H C 1 / H 2 0  s y s t e m   h a s  a l a r g e  
number of p h y s i c a l   a n d   c h e m i c a l   i n t e r a c t i o n s   t h a t   c a n   o c c u r  
s i m u l t a n e o u s l y .  A c o n s i s t e n t  set o f   r e a c t i o n s   a n d   i n t e r a c t i o n s  
must be deve loped  t o  allow t h e   c a l c u l a t i o n  of t h e  H C 1  and 
A 1 2 0 3  c o n c e n t r a t i o n s   f o r  a s u r f a c e   d e p o s i t i o n  model. 

The   phase  of t h e  a l u m i n u m   o x i d e   i n   t h e   e x h a u s t  is 

n o t   w i t h o u t   q u e s t i o n .   E a r l y   w o r k ( 2 5 )   i n d i c a t e d   t h a t   t h e  
aluminum oxide p r e s e n t   i n  a r o c k e t   e x h a u s t  is t h e   a l p h a   p h a s e ,  
which does n o t  react w i t h  H C 1 .  More r e c e n t   d a t a ( 2 6 , 2 7 , 2 8 )   h a s  
i n d i c a t e d   t h a t  some of t h e  gamma p h a s e  may be p r e s e n t .   T h i s  
may be i m p o r t a n t  t o  t h e   s u r f a c e   d e p o s i t i o n   d e p e n d i n g   o n   t h e  
aluminum pa r t i c l e  s ize  d i s t r i b u t i o n   i n   t h e   r o c k e t   e x h a u s t .  
The SRB e x h a u s t  w i l l  h a v e   r e l a t i v e l y   l a r g e   p a r t i c l e s ;   t h e r e -  
fore,  t h e  amount of gamma p h a s e  w i l l  be less t h a n   f o u n d   i n  
small motor f i r i n g s .  O f  c o u r s e ,  for a n   e q u a l   w e i g h t ,   t h e  
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number  and surface area for small particles is greater than 
for  larger  particles. The whole  question of A 1 2 0 3  phase is 
undergoing  intensive  investigation and  must be considered  when 
developing  a  surface  deposition  model. 

Using  available  experimentally  measured A 1 2 0 3  particle 
size  distributions'(29)  for  solid  propellant  rocket motors of 
various  sizes and making  reasonable  assumptions as to particle 
size growth  as  a  function  of  throat diameter, a  particle size 
distribution  for  the  A1203  exhausting  from the Space Shuttle 
SRB was determined. This is  shown in Table 2-12. At the 
present  time  no  realistic  input  to  the  REED  Description  surface 
.deposition  model  is  available  for use; therefore, these effects, 
which  may  be  significant  for  climatological predictions, have 
been  neglected. 

2.7 ABSORPTION AND SCAVENGING 

Studies  have  been  conducted  on  atmospheric  scavenging 
of HC1 which  experimentally  determined  the  washout  coefficient 
(30,31).  Washout involves  several microprocesses, including  the 
solubility  of  HC1 in raindrops, the  diffusion  of HCl to  the 
falling raindrops, and  the  physical  parameters  which  character- 
ize  the  rain. At higher  relative  humidities,  washout  of HC1 
aerosol  must  be  considered  in  addition  to  the  washout  of  gas- 
eous  HC1. The A1 0 particles  as  well  as  salt or  dust  par- 
ticles in  the  rocket  exhaust  may  act  as potential  cloud  drop- 
let  nuclei. The nucleating  efficiency  of  A1203  particles 
is  unknown  at  this  time. The rain scavenging  experimental 
results must  be  integrated  into  the  surface  deposition  model. 

2 3  

The  effects  of  absorption and scavenging, which may 
be  significant  for  climatological predictions, have  been 
neglected  in  this  study  because  of  the  lack  of  a suitable, 
acceptable  washout  coefficient. (27,30,32,33) 
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Table 2-12 

SRB Particle  Size  Distribution (29) 

, Particle  Diameter 
in Microns 

0- 7.0 I 

.7.0:-10.0,: 
:10.0-14.0 
.14.0-16.0 
16.0-23.0 

.Weight 
, Percentage of the 

Particles.of that 
Size  Range 

20 .0  

20.0 
20.0 
20 .0  

2 0 . 0  
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2.8 CONCLUSIONS 

The l o n g  term o b j e c t i v e   o f   t h i s   s t u d y  is t o  es tabl ish 
t h e   r e l a t i o n   b e t w e e n   w e a t h e r   p a t t e r n s   o f   v a r i o u s  scale and 
t h e   e n v i r o n m e n t a l  impact of t h e  S p a c e   S h u t t l e   e x h a u s t   e f f l u e n t s .  
To d a t e ,   t h e   s y n o p t i c   w e a t h e r   p a t t e r n s   h a v e   b e e n  categorized 
and t h e i r  r e l a t i v e   f r e q u e n c y  of o c c u r r e n c e   h a v e   b e e n   c a l c u l -  
a ted.  

C o n c u r r e n t l y  t h e  t o o l s  fo,r c a l c u l a t i n g  a i r  q u a l i t y  
a s semen t s  f o r  large samples -of KSC-meteorological data have 
been   deve loped .  A large sample   o f .Rawinsonde  data are 
a v a i l a b l e  f o r  d e f i n i t i o n  of t h e  v a r i a b i l i t y  of c a l c u l a t e d  a i r  
q u a l i t y   a s s e s s m e n t s   o v e r  time scales as small as s i x   h o u r s .  
T h i s   v a r i a b i l i t y  is associated w i t h  such  phenomena as t h e  
development of t h e  sea breeze and   ground  based  stable l a y e r s .  
These phenomena s t r o n g l y   i n f l u e n c e  t h e  c r i t i c a l  m e t e o r o l o g i c a l  
i n p u t   v a r i a b l e s  t o  t h e   d i f f u s i o n  model. 
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3. EXHAUST  CHEMISTRY 

The  calculation of  the  heat  content 'of the plume, or 
more  exactly the heat  content  of  the  rocket  exhaust  effluents, 
taking  into  account  interactions  with the ambient  environment, 
is a  well-defined  problem. The problem  has  been  attacked 
for  many years by the propulsion  community  and  a  set  of  stan- 
dard techniques  have  been  devised  and  published  for  liquid 
engine  performance and  analysis  by  the  Interagency  Chemical 
Rocket,Propulsion Group - Joint  Army;. Navy,  NASA, Air Force, 
(ICRPG-JANNAF) Performance Standardization  Working  Group (34,  

35, 36).'' ' .  The state-of-the-art of analysis for solid  motors ' 

is not  yet  as  advanced  but  an  ICRPG-JANNAF  Solid Performance 
Working  Group has begun  work. 

The available  techniques  were  adequate  for  analyzing 
the  plume  from  the  liquid  propellent  SSME  rocket  engine  and 
the  solid  propellant  SRB  motors. The value  of  the  effective 
heat release and the exhaust  species  concentrations  were 
quantitatively  satisfactory  for  both  propulsion  devices. 
During this study  only  the  Space  Shuttle SRB exhaust  effluents 
were  studied  in  detail.  Solid  propellant  rocket  motors  have 
the  phenomena of two-phase flow occurring in  the  combustion 
chamber, nozzle, and  plume. The two  phases  are  not  in  thermal 
or velocity  equilibrium.  In general, the particles, in this 
case  solid  and  liquid  aluminum oxide, are traveling  slower 
than  the gas, are  at a  higher  temperature  than  the gas, and 
are  at a  greater flow angle  than  the gas. These  phenomena 
make  the  characteristics  of  a  two-phase flow field  different 
than  that  of a single-phase flow field such as occurs in the 
liquid  propellant  SSME. 
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3.1 TWO-PHASE  FLOW PHLENOMENA.. . .  , .. , . .. . 

T h e   a n a l y s i s  of t h e  two-phase f low i n  t h e  SRB r o c k e t  
. n o z z l e  started w i t h  a o n e - d i m e n s i o n a l   t h e r m o c h e m i c a l   a n a l y s i s  ' 

of t h e  s o l i d  p r o p e l l a n t .  A s  s e e n   i n   F i g u r e  3-1, when sol id .  
p r o p e l l a n t   c o m b u s t s ,  t h e  c o m b u s t i o n   p r o d u c t s  are a t  some 
p r e s s u r e ,   P C ,   a n d  some flame temperature ,   Tc.   The  chamber  
p r e s s u r e   h i s t o r y  is g o v e r n e d   p r i n c i p a l l y   b y  t h e  amount of 
b u r n i n g   s u r f a c e   e x p o s e d .  The des i r ed   amoun t  of b u r n i n g   s u r -  
face (chamber p r e s s u r e )   c a n  be o b t a i n e d   b y  t h e  g e o m e t r y . o f   t h e  .: 

p r o p e l l a n t   g r a i n .   F i g u r e  3-2 shows t h e  S p a c e   S h u t t l e '   a l t i t u d e ,  ' 
Mach number,   and  Sol id   Rocket   Motor  chamber pressure h i s t o r y  .. 

f o r  t h e  first 70 s e c o n d s  of f l i g h t .  A s  c a n  be & e n ,   t h e  
chamber p r e s s u r e  var ies  from 825 t o  580 psia  d u r i n g  t h i s  

p o r t i o n  of t h e  f l i g h t .  With a knowledge of the: p r o p e l l a n t  
c o m p o s i t i o n   a n d   t h e   c h a m b e r   p r e s s u r e ,   t h e  flame t e m p e r a t u r e  
and t h e  c o n c e n t r a t i o n s  of ' t h e  combus t ion   p roduc t s  were cal- 
c u l a t e d  as  shown i n   T a b l e  3-1.. The flame t e m p e r a t u r e   a n d  t h e  

combus t ion   p roduc t s  as ' a  f u n c t i o n  of time ( v e l o c i t y   a n d  a l t i -  
t u d e  are  then  known) were needed f o r  i n p u t .  to subsequen t  steps.  ': 

The c a l c u l a t i o n s  were per formed , i n  . the  NASA, ZNIVAC 1108 w i t h  
a p rogram  wr i t t en   by  NASA-hewis $eBearch .Cen te r  (38) and 

modif ied  by  SAI.  .s - 

\ .  

! 
! 
. .  

By means  of  two-phase charac te r i s t ic  t h e o r y ,  t h e  

s u p e r s o n i c   p o r t i o n  of t h e  flow" f i e l d  ,of t h e  SRB n o z z l e   a n d  
plume w a s  d e t e r m i n e d .  With r e f e r e n c e  t o  F i g u r e  3-1, t h e  
s u p e r s o n i c   p o r t i o n  i s  bounded  roughly   ups t ream  by  t h e  n o z z l e  
throat  and  downstream  by t h e  plume b o h d a r y .  The n o z z l e  
a n a l y s i s   p o r t i o n  of t h e  pr-ogram, b a s i c a l l y   t e r m i n a t e s   c a l c u l -  
a t i o n   a l o n g   t h e  l a s t  l e f t - r u n n i n g   c h a r a c t e r i s t i c ,   i d e n t i f i e d  
on F i g u r e  3-1. T h i s   s u r f a c e  is s i g n i f i c a n t   i n  t h a t  no  
d i s tu rbance   downs t r eam  o f  i t  w i l l  a f fect  t h e  p r e s s u r e  f i e l d  
a l o n g  t h e  nozzle w a l l .  T h e   p r o g r a m   o r i g i n a l l y   w r i t t e n   b y  
TRW p e r s o n n e l  (38) a n d   e x t e n s i v e l y   m o d i f i e d   b y  SA1 (40)  
y i e l d s   v i t a l  pieces o f   i n f o r m a t i o n   a l o n g   t h e  l a s t  
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l e f t - r u n n i n g   c h a r a c t e r i s t i c   w h i c h  are needed  f o r  s u b s e q u e n t  
steps i n   t h e   m o d e l i n g .  

A t w o - p h a s e   f l o w   f i e l d  is d i s s i p a t i v e   a n d   n o n - e q u i l i -  
b r i u m   i n   n a t u r e .   T h e r e   i s ,   t h e r e f o r e ,   a n   e n t r o p y  rise down 
t h e   f l o w   f i e l d   a n d   a n   e n t r o p y   g r a d i e n t   r a d i a l l y  across t h e  
f l o w   f i e l d s   s i n c e   t h e   p a r t i c l e s   a n d  gas have  a d i f f e r e n t  
h i s t o r y  a t  e v e r y   p o i n t   i n   t h e  f l o w  f i e l d .   T h e   e n t r o p y  rise 
a n d   t h e  l o s s  i n  t o t a l  p r e s s u r e  c a n  b e   c a l c u l a t e d   f r o m  local 
f l o w  p r o p e r t i e s .   F i g u r e  3-3 shows t h e  t o t a l  p r e s s u r e  loss 
a n d   g r a d i e n t   a l o n g   t h e  l as t  l e f t - r u n n i n g   c h a r a c t e r i s t i c   f o r   t h e  
S p a c e   S h u t t l e  SRB n o z z l e   w i t h  a s i n g l e   p a r t i c l e  s i ze  o f  12 .0  
m i c r o n   d i a m e t e r   w h i c h   r e p r e s e n t s  a n  a v e r a g e   p a r t i c l e  size. The 
p r e s s u r e  l o s s  v a r i e s   f r o m   a b o u t   2 7   t o  55 p e r c e n t   o f   t h e   c h a m b e r  
p r e s s u r e ;   t h u s ,  t h e  s p e c i e s   a n d   e n e r g y   c o n t e n t   o f   t h e   e x h a u s t  
w i l l  v a r y   a c r o s s   t h e   n o z z l e   e x i t .   B e c a u s e  of t h e   w i d e  var i -  
a t i o n   i n   p r o p e r t i e s   a c r o s s   t h e   e x i t ,   a n   i n t e g r a t i o n   s c h e m e  
was i n c o r p o r a t e d   i n t o   t h e   p r o g r a m   w h i c h   i n t e g r a t e s   t h e  mass ' 

f l o w   a n d   e n e r g y   c o n t e n t   a n d   c o m p u t e s   t h e   a v e r a g e   f o r  a g r o s s  
v a l u e   o f   t h e   e n e r g y   c o n t e n t  of t h e   e x h a u s t  as i t  l e a v e s   t h e  
n o z z l e .   T h e   e n e r g y   c o n t e n t  of t h e   e x h a u s t  w a s  assumed t o  
be  composed of t w o   p a r t s :   t h e   s e n s i b l e   e n t h a l p y   a n d   t h e  
k i n e t i c   e n e r g y  of t h e   g a s .   F o r  a SRB o p e r a t i n g  a t  780 p s i a  
c h a m b e r   p r e s s u r e ,   t h e   a v e r a g e   i n t e g r a t e d   v a l u e   o f   t h e   h e a t  
c o n t e n t   o f  t h e  plume is 2 1 2 5   c a l o r i e s   p e r  gram. F i g u r e  3-4 

is a schematic of t h e  SRB nozz le .   The   chamber   p re s su re   chosen ,  
7 8 0   p s i a ,  is a n   a v e r a g e   v a l u e   r e p r e s e n t a t i v e   o f   t h e  SRB when 
i t  i s  c l o s e  t o  the   l aunch   pad ,   0 -3000  meters a l t i t u d e .  

3 . 2  AFTERBURNING A N D  M I X I N G  ANALYSIS 

S o l i d   p r o p e l l a n t s   n o r m a l l y  are  f o r m u l a t e d  t o  have   an  
e x h a u s t   c o m p o s i t i o n   r i c h   i n   u n d e r o x i d i z e d   s p e c i e s ,   i . e . ,   t h e  
c a r b o n ,  C ,  is p r e f e r e n t i a l l y   i n   t h e  form of   carbon  monoxide ,  
CO, r a t h e r   t h a n   c a r b o n   d i o x i d e ,  C 0 2 .  T h i s   f o r m u l a t i o n   t e c h -  

n i q u e   g i v e s   h i g h e r   s p e c i f i c   i m p u l s e   f o r   t h e   p r o p e l l a n t .  A 
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jet exhausting  into  a  stationary or  moving,atmosphere tends 
to entrain  and mix the  atmosphere  with  the  jet  exhaust. . .  

When  a  hot  exhaust with underoxidized-  species mixes 
with  ambient air, the  possibility  for  afterburning  exists. 
This condition  has been  noted on  severaPlaunch vehicles,"and 
digital  computer  programs  have  been  written to describe the' 
phenomena  with  varying  degrees  of success (41-43). Several' 
of the programs  appear  generally  suitabie for use in  the  propos- 
ed  study.  Based  on such factors as ease of input, accuracy, corn,- 
puting' time, and calculation  technique,  the pro,gram written 'by 
AeroChem  Research  Laboratories,  Inc. :(43) was chosen. Fig- 
ure 3-5 shows the  plume  afterburning  schematic as it  applied to 
this situation. The only  modification necessary'for the pro-' 
gram to be  used  for  the  problem  under  consideration is in  the 
description of  the  the  initial  data  line. The initial  data  line 
for  the  original  program  is  assumed to be radial, normal to 
the axis at the  exit  of  the  nozzle.  All  species  and  the veloc- 
ity  at each  grid  point  must be,input. The output  of  the two- 
phase  analysis  program is along  the  last  left-running  char- 
acteristic. The velocity, entropy, and stagnation  pressure 
are known at  every  point  on  the characteristic but  not  the 
species; therefore, a  technique was devised  which  would  fill 
the  gap  between  the  last  left-running  characteristic  and  the 
needed  initial  value  line  and  which  would  calculate  the  species 
along the initial  value  line.  There  exists  in  general  use  in 
the  aerothermodynamic  community in this country, a  computer 
Program known as  PLIMP (44) which  calculates  and  outputs 
the  species concentration, pressure, temperature, and  velocity 
fields on  surfaces  immersed in a plume; therefore, if a  flat 
plate is placed  normal to the axis at  the  exit  of  the nozzle, 
all  necessary  quantities  will  be  obtained. 

. .  . 

The Aerochem  mixing  program  calculated  the  required 
values  of species concentration  and  amount  of  entrained  air 
simultaneously.  Stedman (27) in  his  work  estimated  the 
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amount  of mixed or e n t r a i n e d  a i r  f rom  the '  work o f  Hart (45)  

' a n d   a s s u m e d   u n i f o r m   m i x i n g   a n d   c h e m i c a l   e q u i l i b r i u m   i n   t h e  
cloud.  The  Aerochem program n o t   o n l y   e s t i m a t e d   t h e .   a m o u n t  
of e n t r a i n e d  a i r ,  which is n o t   u n i f o r m  across t h e  j e t ,  b u t  
a l so  d e t e r m i n e d   t h e  species c o n c e n t r a t i o n s   u s i n g   f i n i t e - r a t e  

.- . ' "l. 

, c h e m i s t r y .   T h i s , t e c h n i q u e   t h u s   d e t a i l e d   t h e   s p e c i ' e s ,   t h e  
r e a c t i o n  ra tes ,  a n d   t h e   t e m p e & , a t u r e   a n d   p r e s s u r e   r a d i a l l y  
across t h e   e x h a u s t  as w e l l  a s  i n  a d o w n s t r e a m . ' d i r e a t i o n  from 

: t h e   n o z z l e  e x i t .  . ::An i n v e n t o r y   o f   t h e   c o n s t i t u e n t s   w a s . . t h u s  
: m a i n t a i n e d .   T a b l e  3-2 l ists  t h e   r e a c t i o n   s c h e m e   u t i l i z e d . i n  

t h i s   s t u d y .   T h e   s c h e m e   m o d e l s   t h e   c h l o r i n e  species p r o d u c t i o n  
a n d   d e s t r u c t i o n   i n  d e t a i l . -  F i g u r e s  3-6 and 3-7 show t h e  Sp.ace 

: S h u t t l e ' S R B   e x h a u s t   e f f l u e n t s  as  a f u n c t i o i o f   d i s t a n c e  from 
t h e   n o z z l e  e x i t .  T a b l e  3-3 s h o w s   t h e   e x h a u s t   e f f l u e n t   w e i g h t  
f r a c t i o r l s  as  a f u n c t i o n   o f   d i s t a n c e  from t h e   n o z z l e  e x i t .  1 

3 . 3  OTHER LOSSES 

I t  s h o u l d  ... be n o t e d  a n u m b e r   o f   p o t e n t i a l l y   i m p o r t a n t  
e f f e c t s  were n e g l e c t e d .   T h e  f irst  e f f ec t  n e g l e c t e d  w a s  t h e . .  
i n j e c t i o n   o f  water i n t o   t h e   e x h a u s t .   S i n c e   t h e   s t u d y  was 
i n i t i a t e d ,   t h e   d e c i s i o n  w a s  made t o  i n j e c t  large q u a n t i t i e s  
O f  water i n t o   t h e   e x h a u s t  as  a n o i s e   s u p p r e s s i o n   t e c h n i q u e .  

The water is n o t   o n l y  t o  b e   i n j e c t e d  when t h e   S p a c e   S h u t t l e  is 
s i t t i n g   o n   t h e   l a u n c h   p a d   b u t  t h e  i n j e c t i o n  w i l l  c o n t i n u e   u n t i l  
i t  c l ea r s  t h e  l a u n c h   p a d .  Due t o  t h e   a f t e r b u r n i n g   a n d  t h e  

large number  of h o t  p a r t i c l e s ,  a large luminous  plume is 

formed; t h e r e f o r e ,   r a d i a t i o n  losses may be i m p o r t a n t .  Hart 
(45)  u s i n g  geometric f l i g h t   a n d   l a u n c h   h a r d w a r e   r a d i a n t -   f l u x :  

estimates,  s ta tes  t h a t   t h e   r a d i a t i o n  loss may be as l a r g e  as 
o n e - f o u r t h   t h e  t o t a l  h e a t   c o n t e n t .   I f   t h i s  estimate is correct ,  
r a d i a t i o n  l o s s  c a l c u l a t i o n s  are  i m p e r a t i v e .   T h e   r a d i a t i o n  
data  for t h e   e x h a u s t   e f f l u e n t s   h a v e   b e e n  col lected and tab- 

u l a t e d ,   b u t   t h e   e n t i r e   c a l c u l a t i o n   h a s   n o t   y e t   b e e n   p e r f o r m e d .  
D u r i n g   t h e  t i m e  t h e  SSME's are  b u i l d i n g   u p   t h r u s t   a n d   u n t i l  
s h o r t l y   a f t e r  SRB i g n i t i o n ,   t h e   S p a c e   S h u t t l e  is h e l d   o n t o  
t h e   l a u n c h  pad. D u r i n g   t h i s  time a n d   e v e n   a f t e r   l i f t o f f ,  for 

. . . . . . .  . .  . . . . . . . .  . r  . . . . . . . . . . . .  . . .  - ~ -. - r. ..* ..- 

3-11 



1. HCL + OH 

2 .  H + HCL 

3. OH + CL 

4 .  CL + 
5 .  CLO + 
6 .  H + 
7 .  0 + 
8.  CL + 
9 .  CL + 

10. 0 + 
11. CLO + 
1 2 .  0 + 
1 3 .  H + 
14. 03 + 
15. 0 + 

H02 

OH 

CL2 

HCL 

03 

CL 

CL 

H 

CLO 

CL 

0 

0 

F 

Table 3-2 

AFTERBURN I NG ANALYS I S 
REACTIONS  BEING  CONSIDERED 

= H20 + CL 

= CL + H2 

= HCL + 0 

= HCL + 0 2  

= H02 + CL 

= HCL + CL 

= CL + OH 

= CLO + 0 2  

+ ?l = CL2 + ?I 

+ >I = CLO + M 

= HCL + 0 

= CL + 0 2  

+ >l = HCL + N 
= 0 2  + 0 2  

+ M  = 0 2  + >l 

16. 0 + H  + >I = OH + >f 

1 7 .  H + H  + >l = H2 + E.1 

18. OH + OH = HZ0 + 0 

20. H + H02 = OH + OH 

2 1 .  H + 02 + H  = H02 + M 

2 2 .  0 + H 2  = O H  + H 

2 3 .  0 + HO2 

2 4 .  OH + HO:! 

2 5 .  H2 + HO:! 

2 6 .  H + OH + H  
2 7 .  H + 302 

28. OH + H:! 

2 9 .  N + 0 2  

30.  NO + 0 + H  

31. NO + CLO 

3 2 .  NO + 03 

33. KO2 + H 

3 4 .  N + NO 

= OH + 0 2  

= 02 + H20 

= H20 + OH 

= H20 + M 

= H2 + 02 

= H20 + H 

= N O  + 0 

= NO? + ?I 

= CL + NO2 

= NO? + 0 2  

= KO + OK 
= N 2  + 0 

35.  CO + OH = CO2 + H 

3 6 .  CO + 0 + M = CO? + Fl 

3 7 .  CO + HO? = CO:! + OH 

\ 1 9 .  H + 0 2  = O H  + 0 38. NO + CLO = CL + NO2 



X - FEET FROM NOZZLE E X I T  

Figure 3-6. Space  Shuttle  Solid  Rocket  Motor  Exhaust  Effluents 
. .  . . .. . .  . .  
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X - FEET FROM NOZZLE E X I T  

Figure 3-7. Space Shuttle Solid Rocket Motor Exhaust  Effluents 
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Effluents 

*l2'3 
co 
c02 
c1 
c10 

c12 

H2 

H2° 

N2 

O2 

HC 1 

NO 

Table 3-3 

Space  Shuttle SRB Exhaust Effluents 

Concentrations in Weight  Percent 

Distance  From Nozzle Exit - Feet 
0 

30.32 

24.36 
3.33 

0.246 
0.006 
0.008 

21.41 
2.09 

9.39 

8.78 

0.001 
0.004 

1000 

22.56 

0.052 
30.85 

0.013 
0.000 
1.60 

14.18 
0.000 

21.43 

8.26 

0.989 
0 .000  

3-15 

2000 

22.36 

0.052 
30.58 

0.008 
0.000 
1.59 

14.06 
0.000 

21.24 

8.13 

0.980 
0 .000  

3000 

22.43 

0.052 
30.67 

0.007 
0.000 
1.60 

14.10 
0.000 

21.30 

8.22 

0.982 
0.000 



a  short time, the exhaust  effluents  are  flowing into the 
flame trench where they  are  mixed with a  large  amount  of  water 
and ducted  away. This mass and  energy  ducted  away represents 
a  possible  loss to the  ground  cloud which may be important. 
This portion  of the problem  has not  yet  been  attacked. This 
study  has  con'centrated  primarily on the SRB exhaust  effluents 
and 'has  essentially  neglected the SSME exhaust  and the problem 
of  the  impingement  and  mixing  between  the SRB and SSME exhaust 
plumes. The SSME exhaust  effluents  have  been  calculated  and 
are  shown  in Table 3-4. 

l 

3.4 CONCLUSIONS 

This study  has  developed  a  technique  that  allows 
the  exhaust  effluent  chemistry  for  the SRB to be  determined 
with a  state-of-the-art  analysis. At this point the basic 
exhaust  effluents  have  been  calculated  but  a  number  of  im- 
portant  losses such as plume impingement, radiation, flame 
trench, and  water  injection  have  not  been  addressed. The 
effluents  from  the SSME have  been  determined  but  the  chemical 
and physica1,interactions between  the two plumes has not  been 
studied. 
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Table 3-4 

SSME  Exhaust  Effluents 

Engine  Conditions 

PC = 3000 psi& 
O/F = 6 

A,fAt = 77.5 

I 

Species 

H 

H2 
H2° 
0 

OH 

O2 

1 
Location in Engine 1 

Chamber  Throat Exit Plane 
Concentrations  in Mole Fractions 

I 

0.0270 
0.2477 
0.6831 
0.0024 

' 0.0373 
0.0026 

0.0217 
0.2450 
0.7026 
0.0015 
0.0276 
0.0017 

0.0000 
0.2440 
0.7560 
0.0000 
0.0000 
0.0000 



4 .  CONVERSION  PROGRAMS 

I n  o r d e r   t o   a l l o w   f o r   t h e   p r o c e s s i n g   o f   v a r i o u s   t y p e s  
of d a t a ,   r e c e i v e d   f r o m   n u m e r o u s   s o u r c e s   ( i . e . ,   M a r s h a l l   S p a c e  
F l i g h t  Cen te r ,  Kennedy  Space C e n t e r ,  Vandenberg AFB, P o i n t  
Mugu, A s h e v i l l e ,  e t c . )  a n d   g e n e r a t e d  on s e v e r a l   d i f f e r e n t  
c o m p u t e r   c o n f i g u r a t i o n s   ( i . e . ,  IBM 360, IBM 370,  IBM 7094,  
UNIVAC 1108, CDC 3300 e t c . ) ;   t h e r e  becomes a s p e c i f i c   n e e d  
f o r   s o f t w a r e   w h i c h   p r o v i d e s  t h e  c a p a b i l i t y   o f   c o n v e r t i n g   t h e  
v a r i o u s   a n d   v o l u m i n o u s   a m o u n t   o f   d a t a   i n t o   t h e   p r o p e r  BCD/ 
EBCDIC+ASCII c h a r a c t e r  set a n d   r e c o r d   f o r m a t   t o  make i t  com- 
p a t i b l e  t o  t h e   d i f f e r e n t   c o m p u t e r   s y s t e m s   ( i . e . ,  IBM, UNIVAC,  
REEDA), u p o n   w h i c h   t h e   d a t a  w i l l  be   p rocessed   by  a v a r i e t y  
of programs.   The data and  programs  must   be   ava i lab le   on  a l l  
NASA/MSFC machines  s ince  no   machine   ou tage   should   cause  a l a c k  
o f   m o n i t o r i n g   c a p a b i l i t y .  

I n  t h i s  s e c t i o n   v a r i o u s   c o n v e r s i o n   p r o g r a m s  t h a t  were 
deve loped  are d i s c u s s e d .   S e c t i o n   4 . 1   d e s c r i b e s   t h e   c o n v e r s i o n  
p r o g r a m s   w h i c h   h a v e   g e n e r i c   a p p l i c a t i o n s   w h i l e   S e c t i o n   4 . 2  
d i s c u s s e s   c o n v e r s i o n   p r o g r a m s   d e v e l o p e d   f o r   i n d i v i d u a l  cases. 
T h e   p r o g r a m   l i s t i n g s  are g i v e n  i n  t h e  Appendix.  

4.1 CONVERSION  PROGRAMS (GENERIC)  

The  m o s t   e f f i c i e n t  means t o   l o a d  data  o r  s o f t w a r e   o n   t h e  
REEDA System,  which was g e n e r a t e d   o n   o t h e r   c o m p u t e r   c o n f i g u r a t i o n s ,  
is  t o   g e n e r a t e  a m a g n e t i c   t a p e   c o m p a t i b l e   w i t h   t h e  REEDA System.  The 
f o l l o w i n g  is  a list o f   t h e   r e q u i r e m e n t s  t h a t  a l l  m a g n e t i c   t a p e s  must 
s a t i s f y   t o   b e   u s a b l e  on  t h e  REEDA Sys tem:  

0 9 - t r a c k   m a g n e t i c   t a p e  
0 8 0 0   b i t s   p e r   i n c h  
0 Odd p a r i t y  
0 7 - b i t  ASCII ( T h e   8 t h  b i t  is a l w a y s   o f f ;   t h i s  limits 

t h e   c h a r a c t e r  set t o   1 2 8   c o m b i n a t i o n s )  

h o w e v e r ,   m o s t   ( i f   n o t  a l l )  of  t h e  d a t a  a n d  s o f t w a r e   p r o g r a m s  
. b e i n g   p r o c e s s e d   o n  t h e  REEDA Sys tem  r ece ived   f rom  o the r   compute r  
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i n s t a l l a t i o n s  ,were recorded on magnetic  tape i n  a format  not 
compatible w i t h  t h e  REEDA System. Thus,  various  conversion 
programs were generated  to  convert  data  recorded on IBM, 
UNIVAC,  CDC, e tc . ,  computers t o  a usable  format. 

4 .1 .1  IBM 370/360 BCD + ASCII Conversion  Programs 

A conversion program was developed to  convert   data  or 
Programs recorded i n  BCD (on  cards  or  magnetic  tape)  to a 
usable REEDA System ASCII charac te r   se t .  T h i s  program is 
w r i t t e n  i n  IBM assembly  language and w i l l  execute on e i t h e r  
the IBM 370 or  360 configurat ion.   I t  w i l l  accept  as i n p u t  

e i t h e r  a 7- t rack.or   %track  tape,   or  punched cards and convert 
each BCD character   into a 7-bit A S C I I  character  compatible 

w i t h  t h e  REEDA System. T h i s  converted  data is  writ ten  onto a 
magnetic  tape  for REEDA u t i l i z a t i o n   ( i . e . ,   9 - t r a c k ,  800 BPI ,  
ODD p a r i t y ) .  An example flow of the  conversion  process i s  
g i v e n  i n  F igu re  4-1. Note,  only  the  control  cards change when 
r u n n i n g  t h i s  program on t h e  IBM 370 or  IBM 360. 

\ '. 
IBM 370/360 
BCD 
CONVERSION 
DDnCD All 

I rnuunruv' 

0 

0 
0 

BCD CARDS 

Figure 4-1. IBM 370/360 BCD +- ASCII Conversion 
Process 
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4 .1 .2  IBM 370&60 EBCDIC + ASCII Conversion  Programs 

A conversion program was developed to  convert  
data   or  programs  recorded i n  EBCDIC (on  cards',or  Ipagnetic  tape) 
t o  a usable REEDA System A S C I I  character set .  T h i s  program ' 

is  iden t i ca l   t o  t h e  BCD + ASCII conversion program except a l l  
EBCDIC characters   are   converted  to  ASCII. A s  shown i n  Figure 4-1, 

i n p u t  can be either  cards  or  magnetic  tape wi.th the  output 
being a REEDA compatible  9-track A S C I I  tape.  Once again  only 
the  control  cards change from t h e  IBM 370 and IBM 360 programs. 

4.1.3 UNIVAC 1108 "BCD. +"_ASCII Conversion Program 

A conversion program was writ ten i n  UNIVAC assembly 
t o  allow  for  the  conversion of BCD record  data on t h e  UNIVAC 
1108. A s  w i t h  IBM conversion,data is accepted' from e i t h e r  
cards or  7"track o r  9-track  magnetic  tape. Each character is 
then  converted  to  the  corresponding  7-Bit ASCII character.  A 
REEDA System compatible  9-track ASCII tape is generated  as 
shown i n  Figure 4-2. 

Figure 4-2. UNIVAC 1108 BCD -f ASCII Conversion 
Process 
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4 . 1 . 4  U N I V A C  1108 EBCDIC -+ ASCII Convers ion   Program 

A convers ion   program w a s  a l so  w r i t t e n   i n  UNIVAC 

assembly   language  t o  allow f o r   t h e   c o n v e r s i o n  of EBCDIC recorded 
d a t a   o n   t h e  UNIVAC 1108. Th i s   p rog ram is i d e n t i c a l  t o  t h e  BCD 
+ ASCII c o n v e r s i o n   p r o g r a m   e x c e p t  a l l  EBCDIC c h a r a c t e r s  are con- 
v e r t e d  t o  ASCII. A s  shown i n   F i g u r e   4 - 2 ,   i n p u t   c a n  be e i t h e r  
punched cards or  m a g n e t i c   t a p e   w i t h   t h e   o u t p u t   b e i n g  a 9 - t r a c k  
ASCII REEDA c o m p a t i b l e   t a p e .  

4 . 2  CONVERSION  PROGRAMS (SPECIFIC) 

A l l  o f   t h e   g e n e r i c  BCD/EBCDIC c o n v e r s i o n   p r o g r a m s  

a l l o w  d a t a  t o  be c o n v e r t e d   f r o m   c a r d / t a p e  t o  REEDA System 
c o m p a t i b i l i t y   i n  a o n e - p a s s   o p e r a t i o n .   H o w e v e r ,   t h e   c o n v e r s i o n  
programs were d e v e l o p e d   w i t h  a p r e r e q u i s i t e   t h a t  a l l  d a t a  records 
be 80 c h a r a c t e r s   l o n g   ( i . e . ,   c a r d  s i z e ) .  T h u s ,   i n   t h e   e v e n t  
r e c o r d s   b e i n g   c o n v e r t e d   ( f r o m   t a p e )  a re  n o t   c a r d   i m a g e s ,   t h a t  is,  
l o n g e r  o r  s h o r t e r   t h a n  80 c h a r a c t e r s ,  a p r e - p r o c e s s o r  is needed 
t o   r e f o r m a t   t h e   d a t a   i n t o  80 charac te r  r e c o r d s .   T h i s   d a t a  c a n  
t h e n  be used  as i n p u t   i n t o   t h e  BCD/EBCDIC conve r s ion   p rog rams  
as  shown i n  F igure   4 -3 .  

REFORMATS  BCD/  EBCDIC 
RECORDS  TO CONVERSION 
80 CHARACTERS PROGRAM 

F i g u r e   4 - 3 .   R e f o r m a t t i n g   t o  80 C h a r a c t e r   R e c o r d s  
Then   Conver t ing  BCD/ECBDIC -+ ASCII 

Here t h e   r e f o r m a t t e r   p r o g r a m s  were d e v e l o p e d   t o   r e f o r m a t  
v a r i o u s  d a t a  from KSC,  JSC, P t .  Mugu, Vandenberg AFB, e t c . ,  
gene ra t ed   on  IBM 7094, IBM 360 ,  CDC 3300,  U N I V A C  1108, e t c . ,  
computers  t o  REEDA c o m p a t i b i l i t y .   T h e s e   p r o g r a m s  are  d i s c u s s e d  
i n  C h a p t e r  5. 
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4 . 2 . 1  HP EBCDIC + A S C I I  C o n v e r s i o n  Program 

A convers ion   program w a s  w r i t t e n   i n  HP assembly  
l anguage  t o  t r a n s l a t e  IBM 9 - t r a c k ,  ODD p a r i t y ,  EBCDIC r e c o r d e d  
t a p e s   t o   t h e   c o m p a t i b l e  HP format .   The  program is c a p a b l e   o f  
c o n v e r t i n g  a l l  IBM EBCDIC c h a r a c t e r s   i n t o   t h e i r   7 - B i t  ASCII 
e q u i v a l e n t .   E a c h   3 2  b i t  IBM i n t e g e r  is t r a n s l a t e d  t o  a 16 
b i t  HP i . n t e g e r ,   a n d   3 2  b i t  IBM real  numbers are t r a n s l a t e d  
i n t o   t h e  H P  32 b i t  rea l  number  format .  For t h i s   p r o g r a m ,  
t h e   u s e r   m u s t   d e f i n e   t h e  record l e n g t h s   a n d   b l o c k s i z e  t o  t h e  
c o n v e r s i o n   p r o g r a m   w h i c h   t h e n   t r a n s l a t e   t h e   t a p e  as  i t  is 
b e i n g   p r o c e s s e d .   S i n c e   o n l y   o n e   t a p e   d r i v e   e x i s t s  f o r  t h e  
c u r r e n t  REEDA c o n f i g u r a t i o n ,  i t  is n o t   p o s s i b l e   t o   c o n v e r t  
t h e   e n t i r e   t a p e   a n d  rewrite it t o   a n o t h e r   t a p e  for  subsequen t  
p r o c e s s i n g ,   t h u s   t h e  U N I V A C  1108 and IBM 370 /360   conve r s ion  
p r o g r a m s   p r o v e   m o r e   e f f i c i e n t  i n  most i n s t a n c e s .  

4 . 2 . 2   1 9 6 5  KSC Rawinsonde Data Conversion  Program 

The   conve r s ion   o f   t he   1965  KSC r a w i n s o n d e   d a t a   t a p e s  
(18 t a p e s ,   f o u r   r e c o r d i n g s  a d a y   f o r   t w e l v e   m o n t h s )   f o r  REEDA 

u s a b i l i t y  w a s  performed.   The BCD t o  ASCII convers ion   program 
for t h e  U N I V A C  1108 was u t i l i z e d   t o   c o n v e r t   f r o m   7 - t r a c k   t o  
t h e   9 - t r a c k  REEDA f o r m a t .   I n  i n i t i a l  a t t e m p t s   t o   p r o c e s s   t h e  
d a t a ,   o n c e  it w a s  c o n v e r t e d   t o  REEDA Sys tem  format ,  it w a s  
no ted  (see Table 4-1) t h a t  a non-s tandard   method  of   record ing  
nega t ive   numbers  was used  when r e c o r d i n g   t h e   o r i g i n a l   d a t a .  
That  is ,  a n e g a t i v e  number w a s  r e p r e s e n t e d  by   over   punching  a n  
(11) i n   t h e   r i g h t  most d i g i t   o f   t h e   v a r i a b l e   f i e l d .   T h u s ,   f o r  
t h e   n u m e r i c   v a l u e s  of 0 - 9 t o g e t h e r   w i t h   a n  (11) punch  would 
g i v e   t h e   v i s u a l   r e p r e s e n t a t i o n  a s  f o l l o w s :  

4-5 



Table 4-1 .  Representative Rawinsonde  Data 

TEST t I S f i  0000 
R A W I N S O N D E  R U N  
C A F E  KEElIJEDY A F S ,  F L A  

1 9 4  
1 9 9  
l G 4  
1 7 3  
1 5 7  
1 4 0  
1 1 9  
093 
074 
0 4 4  
0 5 5 

0 2 6 
0 0 5 
0 2 I< 
0 4 F 
0 7 K  
09F 

1 4 0  
15F 

0 3'9 

1 2r1 

1 7 8  
1 8 2  
1 5 4  
1 4 3  
1 3 8  
i 1 s  
0 9 9 
0 7 3  
0 5 4  
0 1 n 
0 4 R  
0 3 P  
0 '3 J 
11R 
1 3 F  
1 4 P  
1 1 F  
1114 
1 3 !  
2 9 0  
2 2 J  

9 0 
8 9  
8 2  
8 2  
8 7  
36 
8 6  
8 4  
8 7  
5 8  
4 7  
5 7  
4 2  
3 3  
4 1  
4 5  
7 1  
8 7  
3 5  
6 2  
58 



81! 
815 
81K 
81L 
81M 
81M 
810 
81P 

8 l Q  
81R 

i m p l i e s  -810 
-811 
-812 
-813 
-814 
-815 
-816 
-817 
-818 
-819 

Thus a program was d e v e l o p e d   t o   p r o c e s s   t h e   d a t a   t a p e s  
t o  restore t h e  number  back t o   u s a b l e   n u m e r i c   n o t a t i o n .   T h e s e  
t a p e s  were t h e n   u s e d  as i n p u t   t o   t h e  REEDA System t o   b u i l d  a 
" s i n g l e   t a p e "   d a t a  base c o n t a i n i n g  a l l  p e r t i n e n t   i n f o r m a t i o n  

from t h e  e x i s t i n g  18 t a p e s .   T h e   " s i n g l e   t a p e "   d a t a   b a s e   a l l o w s  
t h e   u s e r   e a s i e r / f a s t e r  access t o  a n y / a l l  d a t a   w h i c h   h e   d e s i r e s  
t o   p r o c e s s ,   t h u s   e l i m i n a t i n g   t h e  need t o   k e e p  a l i b r a r y   o f  18 
t a p e s   a n d   t h e   p r o c e s s i n g   o f   d a t a   w h i c h  is n o t   d e s i r e d  (See 
F i g u r e  4-4). 

T h e   " s i n g l e   t a p e "   d a t a   b a s e  was c r e a t e d  by p r o c e s s i n g  
e a c h  of t h e  18 t a p e s   a n d   e l i m i n a t i n g  a l l  d a t a   a b o v e  20,000 

f e e t  i n  a l t i t u d e   f o r   t h e   s t a n d a r d   a n d   m a n d a t o r y   l e v e l s ,   t h u s  
e l i m i n a t i n g  a l a r g e   p o r t i o n   o f   t h e   d a t a .   T h i s   d a t a  base was 
u p d a t e d   a f t e r  each t a p e  was p r o c e s s e d   w i t h  a n  EOF (end-of -  
f i l e )  mark i n s e r t e d  a t  the   end   of   each   month .   Thus  a u s e r  
c a n  e a s i l y  access a n y  m o n t h   f r o m   t h e   I ' s i n g l e   t a p e "   d a t a   b a s e  
by s k i p p i n g   t h e   a p p r o p r i a t e  number  of f i l e s .  I t  must, be  
p o i n t e d   o u t   t h a t   t h e  i n i t i a l  i d e a   o f  a " s i n g l e   t a p e "   d a t a  
b a s e   a c t u a l l y   t u r n e d   o u t   t o   b e   t w o   t a p e s   c o n t a i n i n g  a l l  
s e l e c t e d   i n f o r m a t i o n   f r o m   t h e   o r i g i n a l  18 t a p e s .   T h e  f irst  
t a p e   c o n t a i n s  JAN - JUN 1965, w h i l e   t h e   s e c o n d   t a p e   c o n t a i n s  
JUL - DEC 1965. 

I t  s h o u l d   a l s o  be n o t e d   t h a t   e a c h   o f   t h e  18 t a p e s  
b e i n g   p r o c e s s e d   r e q u i r e   a b o u t  2 h o u r s   t o   p r o c e s s   o n   t h e  REEDA 

Sys tem.   Thus   the  i n i t i a l  c r e a t i o n   o f   t h e   " s i n g l e   t a p e "   d a t a  
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Figure 4-4. 1965 Rawinsonde  Data  Base  Generation 
and Processing 
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b a s e  w a s  q u i t e  time consuming, y e t  s i n c e  i t  o c c u r r e d   o n l y   o n c e ,  
w h i l e   t h e   e n d   p r o d u c t   ( i . e . ,   " s i n g l e   t a p e "  data  b a s e )  is b e i n g  
u t i l i z e d   q u i t e   f r e q u e n t l y .   T h e  overa l l  e f f e c t   o f   t h e  " s i n g l e  
tape" d a t a  base f o r   t h e  REEDA System is t o   a l l o w  t h e  u s e r  t o  
f e a s i b l y  process a l l  o r  as much o f   t h e   1 9 6 5  KSC Rawinsonde 
da t a  as e f f i c i e n t l y  and as f a s t  as p o s s i b l e  and  t o  eliminate 
t h e   h a n d l i n g  of unneeded   and   unusable  da ta .  

Var ious   p rog rams  are now b e i n g   d e v e l o p e d  t o  e x t e n s i v e l y  
process t h e   1 9 6 5   d a t a ,   s u c h  as  MOD3B, METPL, and STAN5 
which a r e   a l l  documented i n   C h a p t e r  5. 

4 .2 .3   1974  Vandenberg  Rawinsonde Data Conversion  Program 

The 1974 Vandenberg AFB R a w i n s o n d e   d a t a   t a p e   c o n t a i n e d  
t w o  s o u n d i n g s   p e r   d a y  (OOOOZ and 12002) f o r   t h e   e n t i r e  year.  
The i n i t i a l   t a s k  w a s  t o   c o n v e r t   t h e   d a t a   i n t o  a u s a b l e   f o r m a t  
f o r   t h e  REEDA S y s t e m .   T h e   o r i g i n a l   t a p e  was g e n e r a t e d   o n  
an IBM 3 6 0 / 4 4   a n d   h a d   v a r i a b l e   l e n g t h / v a r i a b l e   b l o c k  s ize  
r e c o r d s   w i t h   h a l f  word   a l ignment .  A p r e p r o c e s s o r  w a s  w r i t t e n  

i n  FORTRAN t o  r e s t r u c t u r e   t h e  da ta  i n t o   f i x e d   l e n g t h   r e c o r d s  
t o  b e   u s e d  as i n p u t  i n t o  t h e  IBM 370 ECBDIC + ASCII c o n v e r s i o n  
program. I t  w a s  d i s c o v e r e d   t h a t  t w o  t y p e s   o f   d a t a   r e c o r d s  
e x i s t e d   o n   t h e   t a p e ,  1) PIBAL and 2 )  Rawinsonde.  However, 
n e i t h e r   d a t a   r e c o r d   c o n t a i n e d  a l l  t h e   i n f o r m a t i o n   t h a t  w a s  
r e q u i r e d  t o  p r o c e s s   t h e   d a t a   u s i n g   t h e  REEDA d i f f u s i o n   m o d e l  
program MOD3A. The PIBAL r e c o r d   c o n t a i n e d   p r e s s u r e ,   a l t i t u d e ,  
w ind   speed ,   w ind   d i r ec t ion   bu t   no t   t empera tu re .   The   Rawinsonde  
r e c o r d s   c o n t a i n e d   p r e s s u r e ,   a l t i t u d e ,   t e m p e r a t u r e ,  dew p o i n t ,  
bu t   no t   w ind   speed  o r  w i n d   d i r e c t i o n .   S u b s e q u e n t l y ,   c o d e  w a s  
g e n e r a t e d  t o  m e r g e   t h e  t w o  r e c o r d s  b y  means of v a r i o u s   i n t e r -  
p o l a t i o n s   a n d   c a l c u l a t i o n s .   T h e   p r o g r a m   c o m p u t e d   t h e   b e s t  
p o s s i b l e   v a l u e s  a t  t h e   n e a r e s t   a l t i t u d e ,   p r e s s u r e ,   a n d   t e m p e r -  
a tu re .  F i g u r e   4 - 5   g i v e s  a b r i e f   f l o w   o f   o p e r a t i o n s   f o r  
p r o c e s s i n g   t h e   1 9 7 4   V a n d e n b e r g  AFB d a t a .  
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INTERPOLATION 
PROGRAM . 
IBM 370 

F i g u r e  4-5.  1974 Vandenberg AFB Rawinsonde  Data 
C o n v e r t i n g   a n d   P r o c e s s i n g  

Once t h e  d a t a  w a s  c o n v e r t e d  t o  a u s a b l e   f o r m a t   f o r  
t h e  REEDA Sys tem,   the   p rogram MOD3B was used  t o  p r o c e s s   t h e  
d a t a .  I t  s h o u l d  be, n o t e d   t h a t   t h e   t w o   s o u n d i n g s   p e r   d a y  
f o r   t h e  en t i r e  year of 1974 were c o n t a i n e d   o n   t h e   i n i t i a l  
Vandenberg AFB t a p e .  Some 48 cases r o u g h l y  a week a p a r t  a t  
12002 h o u r s  were p r o c e s s e d .  The program MOD3B is  i d e n t i c a l  
t o   t h e   p r o g r a m  MOD3A e x c e p t  it o p e r a t e s   o n , t h e   P l a s m a s c o p e ,  
which is  i n t e r f a c e d   i n t o   t h e  REEDA System. I t  allows f a s t e r  
p r o c e s s i n g   d u e  t o  t h e   u s e  of "Touch  Panel"   p rogram  opt ions .  
The  o u t p u t  of MOD3B was 48 c e n t e r  l i n e  c o n c e n t r a t i o n   p l o t s   a n d  
48 i s o p l e t h   p l o t s  (see F i g u r e  4-6 and 4-7 r e s p e c t i v e l y ) .   T h i s  
same d a t a  w i l l  a l s o   b e   p r o c e s s e d  o n  t h e  REEDA S y s t e m   u t i l i z i n g  
t h e  new v e r s i o n   o f   t h e   p r o g r a m  MOD3A. 
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Figure 4-6. 1974  Vandenberg  AFB  Centerline 
Concentration  and  Dosage Plot 
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Figure 4-7 .  Vandenberg AFB I s o p l e t h  Contour plot 
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4 .2 .4   1964  - 1970   J imsphere  Data Conversion  Program 

A convers ion   program w a s  w r i t t e n   i n  FORTRAN t o  
c o n v e r t   t h r e e   m e t e o r o l o g i c a l   d a t a   t a p e s ,   ( 1 9 6 4  - 1966 KSC, 
1967 - 1970 KSC, 1965 - 1 9 7 0   P o i n t  Mugu) c o n t a i n i n g  
J i m s p h e r e   w i n d   d a t a ,   t o   t h e  REEDA Sys tem  compa tab i l i t y .   The  
t a p e s  were i n i t i a l l y   c r e a t e d  o n  an IBM 7094   w i th  36 b i t  
word and  d a t a  w r i t t e n  i n   b o t h   f i x e d   p o i n t   a n d   f l o a t i n g   p o i n t  
b ina ry .   Each  record c o n t a i n e d   2 9 8  words w i t h  20 s u c h  records 
p e r  file. A d d i t i o n a l l y ,   e a c h   t a p e   c o n t a i n e d   f r o m   2 6 6  t o  294 
f i l e s .   T h e   d e c i s i o n  w a s  made t o   o n l y   e x t r a c t   a n d   c o n v e r t  

t h e   n e e d e d  data t o  e l i m i n a t e   t h e   c u m b e r s o m e   t a s k   o f  
p r o c e s s i n g   o v e r   a n d   a r o u n d  data  n o t  n e e d e d   f o r   c a l c u l a t i o n s .  
O n l y   t h e  time, da te ,  a l t i t u d e ,   w i n d   d i r e c t i o n ,   a n d  scalar 
wind   speed  w a s  d e c i p h e r e d   f r o m   t h e   o r i g i n a l  da ta .  I t  s h o u l d  
b e   n o t e d   t h a t   t h e   w i n d   s p e e d   a n d   w i n d   d i r e c t i o n  were r e c o r d e d  
a t  e q u a l   i n t e r v a l s   i n   a l t i t u d e   f r o m  25 meters t o  20,000 

meters. Thus ,  some 800 d a t a   p o i n t s   f o r   b o t h   w i n d   s p e e d  
a n d   w i n d   d i r e c t i o n  were r e c o r d e d   f o r   e v e r y   J i m s p h e r e   p r o f i l e .  

The   convers ion   program w a s  w r i t t e n   f o r   t h e  U N I V A C  

1108 u t i l i z i n g   b o t h  ENTRAN and ENCODE f e a t u r e s   t o   c o n v e r t  
t h e   t a p e s   i n t o  a f o r m a t   u s a b l e   b y   t h e   p r e v i o u s l y   b u i l t  
EBCDIC and ASCII program.   This   encompassed   conver t ing  
f rom  36 -b i t  t o  1 6 - b i t  HP word s i z e ,   r e s t r u c t u r i n g   d a t a   i n t o  
80 c h a r a c t e r   f i x e d   l e n g t h   r e c o r d s ,   e l i m i n a t i n g   u n w a n t e d   d a t a ,  
a n d   t h e n   c o n v e r t i n g  t o  ASCII fo rma t  as  shown i n   F i g u r e  4-8. 

A s  c a n  be s e e n ,  a program t o   p r o c e s s   t h e   J i m s p h e r e  
wind data o n   t h e  REEDA System w a s  created cal led JIMPL 
which w i l l  be discussed i n   C h a p t e r  5. 
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4.3 CONCLUSIONS AND RECOMMENDATIONS 

These   conclus ions   and   recommendat ions  are b a s e d  on 
t h e   c o n v e r s i o n  programs documented i n   S e c t i o n s  4 . 1  and  4 . 2  . 

r e s p e c t i v e l y .   I n   r e v i e w i n g   t h e   g e n e r i c   c o n v e r s i o n   p r o g r a m s  
t h a t  were d e v e l o p e d ,  i t  seems t h a t   t h e y   h a v e   p r o v e n   q u i t e  
s a t i s f a c t o r y   i n   p r o v i d i n g  a mean f o r   c o n v e r t i n g   n o n - s t a n d a r d  
REEDA f o r m a t t e d  data i n t o  a u s a b l e   f o r m .   D a t a ' g e n e r a t e d  on 
almost a n y   o t h e r   c o m p u t e r   c o n f i g u r a t i o n ,   e i t h e r   7 - t r a c k  or 
9 - t r a c k ,   e i t h e r  BCD o r  EBCDIC, e i t h e r   f i x e d  o r  variable l e n g t h  
r e c o r d s , c a n   b e  made compatible t o  t h e  REEDA S y s t e m   v i a   o n e  or  
a c o m b i n a t i o n   o f  two or  more o f   t h e   c o n v e r s i o n  programs t h a t  

, .  

I 

h a v e   b e e n   d e v e l o p e d .   H o w e v e r , . i t  is  st i l l  p r o b a b l e   t h a t   d a t a  
wi .11  be a c q u i r e d   t h a t   c a n n o t  be d i r e c t l y   c o n v e r t e d   b y   u s i n g  
j u s t  t h e   a v a i l a b l e   c o n v e r s i o n  programs t o  d a t e .   C o n s e q u e n t l y ,  
a d d i t i o n a l   c o n v e r s i o n   p r o g r a m s   u n d o u b t e d l y  w i l l  be deve loped  
as r e q u i r e d .  

I t  is also rec0mmende.d t h a t   i n  most i n s t a n c e s ,  tape 

r e f o r m a t t i n g   a n d   t a p e   c o n v e r t i n g  be conducted   on  a ' l a rge  scale 
c o m p u t e r   c o n f i g u r a t i o n   w h e r e   m u l t i p l e   t a p e   d r i v e r s   a n d   f a s t e r  
o p e r a t i n g   s p e e d s  are a v a i l a b l e ' .  
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5. INTERACTIVE  REEDA  PROGRAMS 

In this  section  all of the  applicable  interactive 
REEDA  programs  are  discussed. A brief  description,  along  with 
current  and  future  applications  of  each  program is given. 
The following  is  a  list of all  the  current  REEDA  programs 
which  are  discussed in  Sections 5-1 thru 5-7. 

MOD3A 
MOD3B 
METPL REED  Program* 
STAN5 
MIXH 
JWSPL 
JWDPL 

JIMPS 

SKEW T (Version I & 11) 

5.1 MOD3A 

The ~p 9820 breadboard  version  of  the  REED  Description, 
Model 3, previously  used  to  monitor  launches (46-49) has  been 
rewritten,  liberally  commented,  and  made  research  operational 
on  the  REEDA  System as an interactive  program  to  test  human 
factors  and  provide  a  real-time  research  capability f o r  surface 
air  quality  predictions. The program  asks  questions  of  the 
user and  accepts  answers in English  words  and  phrases.  Using 
an X-Y plotter, it draws  concentration  and  dosage  versus  dis- 
tance  plots as well as isopleth  contour  plots. The equations 
used  for the cloud  rise  and  diffusion  are  in  an  extremely  sim- 
plified  form  and  are  being  expanded to give  a  more  accurate 
representation  of  the  cloud  mechanics  and  the  diffusion  process. 
This version  does  not  permit  diffusion  calculations  aloft,  does 
not allow for options  like  surface  absorption,  rain  scavenging, 
or A1203 deposition. 

*These  have  been  merged  into  the  NASA/MSFC  REED  Diffusion 
Mgdel Program Version I. 
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. I . .  . .  The d i s t i n c t   a d v a n t a g e s  of 

o p e r a t i o n a l   o n  the REEDA System are 
h a v i n g  t h e  d i f f u s i o n   m o d e l  
t w o - f o l d .   F i r s t ,   b e c a u s e  

t h e   s y s t e m  is d e d i c a t e d ,  t h e  program  can  be r u n   i n  almost 
r e a l - t i m e , - t h e r e b y   a l l o w i n g  las t  m i n u t e   a n a l y s i s   a n d   d e c i s i o n s  
t o  b e  made. Second ly ,   because  of t h e   i n t e r a c t i v e   n a t u r e   o f   t h e  
program, i t  is n o t   n e c e s s a r y  t o  have  a t r a i n e d   c o m p u t e r   p e r s o n  
r u n  i t .  Any s c i e n t i f i c   p e r s o n   k n o w l e d g a b l e   i n   d i f f u s i o n   t h e o r y  
c a n ,  w i t h  a brief o r i e n t a t i o n ,   s u c c e s s f u l l y   o p e r a t e   t h e   p r o g r a m .  
Knowledge of d i f f u s i o n  t h e o r y  is r e q u i r e d   b e c a u s e  S I G A R  a n d   t h e  
top of t h e   t r a n s p o r t  layer d e t e r m i n a t i o n   c a l c u l a t i o n s   h a v e   n o t  
y e t  been  automated.  

5 . 2  MOD3B 

A v e r s i o n   o f  MOD3A, cal led MOD3B, h a s   b e e n   w r i t t e n  
f o r  t h e  REEDA System t o  u s e  t h e  P l a s m a s c o p e   i n s t a l l e d   o n  
t h e  s y s t e m .  Because of t h e  Touch   Pane l   f ea tu re   on  t h e  scope, 
i t  is easier f o r  t h e  u s e r   t o   a n s w e r  t h e  yes /no  t y p e  q u e s t i o n s  
asked him.by t h e  program. H e  n e e d   o n l y   t o u c h  t h e  YES o r  NO 

area on t h e  s c r e e n   i n s t e a d  of t y p i n g   i n  t h e  a n s w e r .   F u r t h e r  
man-machine i n t e r f a c e   i m p r o v e m e n t s   u s i n g  t he  Plasmascope  
are p lanned  for MOD3B t o  make t h e  program, both i n p u t   a n d  
o u t p u t ,  as simple a n d   i n f o r m a t i v e  as  poss ib le .  

5.3 JIMPL 

A p r o g r a m ,   w r i t t e n   i n  FORTRAN, t o  process t h e  Jimsphere 

wind data was created o n   t h e  REEDA Sys tem.  T h i s  program pro- 
d u c e s  both scalar wind speed a n d   w i n d   d i r e c t i o n  p l o t s .  An 
example of e a c h  is g i v e n   i n   F i g u r e  5-1 and   F igure   5 -2  respec- 
t i v e l y .   T h i s   p r o g r a m   r e q u i r e s  as i n p u t  t h e  f o l l o w i n g  data on 
a l t i t u d e s   r a n g i n g   f r o m   2 5  t o  20 ,000  meters. 

0 Time 
0 Date 
0 A l t i t u d e  
0 Wind D i r e c t i o n  
0 S c a l a r  Wind Speed 
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This   p rog ram w a s  u s e d  t o  i n i t i a l l y   p r o c e s s   t h e  KSC 

a n d   P o i n t  Mugu J i m s p h e r e   w i n d   d a t a  t o  d e t e r m i n e  temporal v a r i -  
a t i o n   i n   t h e   a t m o s p h e r i c   k i n e m a t i c s  t o  s u p p o r t  climatic d i f -  
f u s i o n   a s s e s s m e n t s .   O v e r  150 p l o t s  were g e n e r a t e d .   S e v e r a l  
m o d i f i c a t i o n s  were f o u n d   d e s i r a b l e   s u c h  as t h e   i n c l u s i o n  of 
a f i l t e r  t o  e l i m i n a t e   b a d   d a t a  o r  n o i s e ,   a n d   p r o v i d e   t h e  
a b i l i t y  f o r  t h e   u s e r  t o  select  o n l y  those s p e c i f i c   p r o f i l e s  
o f   i n t e r e s t .   ' T h e   ' u l t i m a t e   d e s i r e  w a s  t o  be a b l e  t o  see a 
p l o t t e d   p r o f i l e   w i t h o u t   h a v i n g  t o  a c t u a l l y   p l o t  i t .  . T h i s  
would allow the, u s e r  t o  p r o c e s s   o n l y   d a t a   o f   i n t e r e s t   a n d  
allows t h e   c r e a t i o n   o f   f i n a l   J i m s p h e r e   p r o f i l e  p l o t s  w i t h o u t  
hav ing  t o  p r o c e s s   t h e   d a t a   s e v e r a l  times. 

Consequent ly ,   p rograms t o  p rocess   J imsphere   w ind  
s p e e d / d i r e c t i o n  (JWSPL, JWDPL and  JIMPS) were d e v e l o p e d   f o r  
t h e  REEDA Plasmascope which  a l l o w s  for " t o u c h   p a n e l "   c o n t r o l .  
Research or p r o d u c t i o n   o p t i o n s  are  a v a i l a b l e  t o  allow t h e  

u s e r  t o  process a l1 ,o r  p o r t i o n s , o f   t h e   d a t a   w i t h   g r a p h i c   p l o t s  
on the   P l a smascope  or hard copy   p lo t s .   P rogram JIMPS 
allows t h e  u s e r  t o  v i s u a l l y   d i s p l a y  a comple t e   J imsphere  
w i n d   s p e e d   d i r e c t i o n   p l o t   o n   t h e   P l a s m a s c o p e ,   t h u s  
a l l o w i n g   t h e   u s e r  t o  q u i c k l y   s c a n   a n d   e d i t  t h e  d a t a b e f o r e  

making a hard  copy p l o t .  T h i s  f e a t u r e   e n s u r e s   t h e   a b i l i t y  t o  
o n l y  generate u s e f u l  hard c o p y   p l o t s .  

The programs JWSPL and JWDPL p r o c e s s  t h e  J imsphere  
Wind S p e e d / D i r e c t i o n  da ta  r e s p e c t i v e l y .   E a c h   a l l o w s  t h e  u s e r  
t o  e a s i l y  p r o c e s s   J i m s p h e r e   d a t a   q u i c k l y   t h r o u g h   " t o u c h  
p a n e . 1 "   q u e s t i o n s   a n d   a n s w e r s ,   t h u s   e l i m i n a t i n g   t h e  p o s s i b i l i t y  

of e r r o n e o u s   k e y b o a r d   i n p u t .  An example   s cena r io   f rom  the  
program JWSPL is g i v e n   i n   F i g u r e  5-3. H o p e f u l l y ,  it can   be  
s e e n  from t h e   s c e n a r i o  t ha t  by   u s ing  t h e  Plasmascope  " touch 
p a n e l "   c o n t r o l   t h e   p o s s i b i l i t y  of making   input  errors (keyboard )  
are  r educed .  A n o n c o m p u t e r   o r i e n t e d   u s e r   c a n   e a s i l y   b e   t a u g h t  
t o  u s e   s u c h  a p rogram  wi th in   minu te s .  
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. .  

TOUCH DESIRED ANSWER!! ; .I '. 1 

**NASA/MSFC J i m s p h e r e  Wind P r o f i l e  Program** 

Data B e i n g   P r o c e s s e d ?  1 7 1  , P o i n t  Mugu 

Date of Data? 1964 - 19'66 1 1967 - 197( 

P r o f i l e  Desired? ' .  . ~ -1. . .  Wind 

Date of Sounding  is: . .  , December 29,  1967 

New Date Desi'red? ' * .Yes - 

. .  D i r e c t i o n  ... . .  , 

Time of Sounding  is: 13002 

P l o t   D e s i r e d ?  . .  F l  * , . .  
No 

* * T u r n   o n   p l o t t e r  -- Insert '  p a p e r  

**Touch p a n e l  when r e a d y  

**P lo t t i ng  h a s   b e e n   i n i t i a l i z e d  ' r  , , I 

. ,  
. , ,  , 

I '  ; 

I1 

Time  of  Sounding is: 1500Z.' 

Plo t  d e s i r e d ?  Y e s  1 No\ 

**Terminate   Program? / Y e s /  I, N o  

**Program JWSPL h a s  .texrninated 
, ,, . .  

F i g u r e  5-3.  Example of O p e r a t i n g  JWSPL P lasmascope  
Program 
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T h e   o v e r a l l   r e s u l t s  of,  t h e  P lasmascope  Jimsphere 
programs have b e e n   q u i t e  successful and  time s a v i n g .  Over 
700 f i n a l i z e d  Wind Speed and  Wind D i r e c t i o n   p r o f i l e s   h a v e  
b e e n   g e n e r a t e d  from t h e  KSC a n d   P o i n t  Mugu data. 

5.4 METPL . .  

I .  

METPL is c u r r e n t l y - a   s t a n d   a l o n e   r e s e a r c h  program 
g e n e r a t e d  t o  allow v i s u a l   d i s p l a y  of .Wind Speed ,  Wind D i r e c t i o n ,  
D r y   T e m p e r a t u r e ,   P o t e n t i a l   T e m p e r a t u r e ,   a n d   C l o u d   S t a b i l i z a t i o n  
Height as o n e   p r o f i l e   u p o n   t h e   P l a s m a s c o p e .   T h i s  program s h o u l d  
be i n t e r f a c e d  t o  MOD3B. A s  an   example  of t h e  m e t e a r o l o g i c a l  
p r o f i l e  as i t  appears on t h e  Plasmascope  is shown i n   F i g u r e  5-4. 
V a r i o u s   q u e s t i o n s  w i l l  a p p e a r  a t  t h e  bottom o f  t h e  Plasmascope 
t o  direct  t h e  u s e r  as t o  the   mov ing   up  or  down of t ,he  top of 
t h e  s u r f a c e   m i x i n g   l a y e r  t o  t h e  desired h e i g h t  as w e l l  as g i v i n g  
t h e  o p t i o n  f o r  a h a r d   c o p y   p l o t  of t h e  g e n e r a t e d   p r o f i l e .   T h e  
meteorological p ro f i l e  is  n o r m a l l y   o b t a i n e d  from a Rawinsonde 
of t h e  atmosphere. To o b t a i n   t h e   e n t r o p y   p r o f i l e   r e q u i r e d  f o r  
these s o u n d i n g s ,  t h e  t e m p e r a t u r e   a n d   p r e s s u r e  are t r a n s l a t e d  
i n t o  t h e  p o t e n t i a l   t e m p e r a t u r e   i n   a c c o r d a n c e  w i t h  t h e   f o l l o w i n g  
e q u a t i o n  : 

c .  

where  t h e  concep t  of a p o t e n t i a l   t e m p e r a t u r e  ( e )  is i n t r o d u c e d  
t o  r e f e r e n c e  t h e  t e m p e r a t u r e  t o  a specific p r e s s u r e  (1000 m b ) .  

5.5 STAN5 

Program STAN5 is a ' r e s e a r c h   s t a n d   a l o n e  program 
w r i t t e n   i n  FORTRAN a n d   o p e r a t e s   o n  t h e  REEDA System. T h i s  
program  should  be i n t e r f a c e d  t o  t h e  MOD3B program. STAN5 
c a l c u l a t e s  t h e  s t a n d a r d   d e v i a t i o n   o f .  t h e  h o r i z o n t a l   w i n d  
a z i m u t h   a n g l e ,  S IGAR.  I n p u t  data are t h e  t e m p e r a t u r e s ,  pres- 
s u r e s ,   a n d   a l t i t u d e s  of t h e  first three data levels  of KSC Ra-  
w insonde   sound ings .   The  levels are t h e  first a n d   s e c o n d   s t a n d a r d  
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a l t i t u d e  l e v e l s  (16 and  1,000 f e e t )   a n d . t h e  f irst  mandatory  
pressure level  (1,000 m b ) .  T h e   r o u g h n e s s   l e n g t h   a l o n g   t h e  a i r  
t r a j e c t o r y   w i t h   t h e   s u r f a c e   t r a n s p o r t   l a y e r  is  a l so  a n   i n p u t  
v a r i a b l e .   T h e   b a c k g r o u n d   f o r   t h e   c a l c u l a t i o n  is d e s c r i b e d   i n  . 

S e c t i o n  2 .  

The   ou tpu t  of STAN5 i n c l u d e s   t h e  t i m e  a n d   d a t e  of 
t h e   R a w i n s o n d e   s o u n d i n g ,   t h e   i n p u t   d a t a ,  calculated none 
d i m e n s i o n a l   p a r a m e t e r s  , t h e   g r a d i e n t  Of p o t e n t i a l  temperature, 

and S I G A R .  

5 .6  I MIXH PROGRAM 

Program M I X H  is  a s t a n d   a l o n e   r e s e a r c h   p r o g r a m   w h i c h  1 

o p e r a t e s   o n  t h e  REEDA s y s t e m .  MIXH s e l ec t s  a s u r f a c e   t r a n s p o r t  
l a y e r   h e i g h t   b a s e d   o n  c r i t e r i a  d e s c r i b e d   i n   C h a p t e r  2 .  The 
i n p u t  d a t a  is a Rawinsonde  sounding.  MIXH c a l c u l a t e s   v i r t u a l  
t e m p e r a t u r e  a t  e a c h   l e v e l   a n d  t e s t s  t h e  da t a  a c c o r d i n g  t o  
t h e   p r e s c r i b e d  c r i t e r i a  f o r  v i r t u a l   t e m p e r a t u r e   g r a d i e n t  
c o r r e s p o n d i n g  t o  t h e  base o f  a s t a b l e  l a y e r   a n d   t h e   t o p   o f  
a s tab le  l a y e r .  The l a y e r s   m u s t   h a v e  a t h i c k n e s s   o f  a t  l eas t  

100 meters. The base of t h e  s t a b l e  l a y e r   n e a r e s t  t o  t h e  
ground is o f f e r e d  as  t h e   h e i g h t  of t h e  surface t r a n s p o r t  
l a y e r .  If a s t a b l e  l a y e r  is g r o u n d   b a s e d ,   t h e n   t h e   t o p  of 
t h e  s t a b l e  l a y e r  is selected a s  t h e   t r a n s p o r t   l a y e r   h e i g h t .  
If no s t ab le  l a y e r s  a re  f o u n d   b e t w e e n   t h e   s u r f a c e   a n d  3000 

m e t e r s ,   t h e n   t h e   t r a n s p o r t   l a y e r   h e i g h t  is se t  e q u a l  t o  
3000 meters. The   ou tpu t  of M I X H  is t h e   m i x i n g   h e i g h t  of t h e  

s u r f a c e   t r a n s p o r t   l a y e r .  I f  t h e   t h e o r y  is u p h e l d   b y   e x t e n s i v e  

t e s t ,  it s h o u l d  be i n t e r f a c e d  t o  t h e  MOD3B program. 
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5 . 7  SKEW T 

The existing SKEW T REEDA System program, originally 
written  by Dr. J. B. Stephens of MSFC,  was‘modified to  enhance 
its capabilities  in  processing  sounding  data. It can  currently 
accept  sounding data from  both  magnetic  tape or disc  and  in  a 
variety  of  user  specified  formats. The  SKEW T program  generates.. 
logarithmic plots for both dew point and temperature as a  function 
of altitude as shown  in Figure 5-5. 

The SKEW T program was used to process  some 23 
cases  of  Battelle  Thiokol data for 1974. One additional 
modification was made  to the SKEW T program to allow  for 
processing  the  Battelle data, which was the  calculation  of 
dew point  from a  given  relative  humidity  and  temperature. 

5.8 CONCLUSIONS AND RECOMMENDATIONS 

These  conclusions and recommendations  are  drawn  from 
the discussion of the interactive  REEDA  software  described 
in Section 5-1 thru 5-7. It  should be evident  that  a  variety 
of  sophisticated  interactive  REEDA  software  has  been  generated 
and  utilized  during  this, contractual  period. A vast  amount 
of  data  from  various  sources  have  been processed, analyzed, 
plotted, etc., by the  different  REEDA  programs. The REEDA 
software  has  proven effective, efficient, and invaluable in 
providing  both  fast/accurate results in  both statistical and 
graphical  form.  The  current  REEDA software, especially  the 
Plasmascope  programs  provide  a  means  for  even  a  non-computer 
oriented  user to operate and  get results with  very  little 
effort. The Plasmascope  “Touch Panel” capability  provlaes 
not  only  for  faster  user  response (i.e., touch-vs-keyboard) 
but proves  superior  to  the CRT program due to  the  fact it 
virtually  eliminates  or  safeguards  the  user  from  entering an 
erroneous  value/answer. In addition, due to  the 512 by 512 
raster  dot  resolution  provided by the Plasmascope virtually 
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Figure  5-5. Example of SKEW T Plot 
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u n l i m i t e d   v i s u a l   g r a p h i c   d i s p l a y , c a n   b e   g e n e r a t e d .  

I t  is recommended t h a t  a l l  e x i s t i n g   s t a n d   a l o n e  REEDA 

s o f t w a r e  be . e x t e n s i v e l y   t e s t e d   a n d   v a l i d a t e d   t o  i ts f u l l e s t  
e x t e n t ,   w i t h   s t a t e - o f - t h e - a r t   P l a s m a s c o p e   t e c h n o l o g y   b e i n g  
i n c o r p o r a t e d   w h e n e v e r   a n d   w h e r e v e r  feasible.  A d d i t i o n a l  REEDA 

s o f t w a r e   s h o u l d   a l s o   b e   d e v e l o p e d ,   u t i l i z i n g   t h e  REEDA Plasma- 
s c o p e   t e c h n o l o g y ,   t o   p r o v i d e   e v e n '  more c a p a b i l i t i e s  i n  p ro -  
c e s s i n g   b o t h   p r e s e n t   a n d   f u t u r e   s o u r c e s   o f   d a t a .  
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6. NUMERICAL  CLOUD RISE MODEL 

U n d e r   c o n t r a c t   w i t h   t h e  Army Missile Command High 
Energy   Lase r   P rograms   Of f i ce ,  SA1 h a s   r e c e n t l y   d e v e l o p e d  a 
d i g i t a l  computer program  (PUFF)   represent ing  a f i r s t - o r d e r  
ma themat i ca l  model f o r   d e s c r i b i n g   t h e   b e h a v i o r   o f  c louds 
p r o d u c e d   b y   s h o r t - d u r a t i o n   h i g h   t e m p e r a t u r e   e x h a u s t s .   I n  
o r d e r  t o  more c l e a r l y   i d e n t i f y   a n d   u n d e r s t a n d   t h e   i m p o r t a n t  
f e a t u r e s  associated w i t h   t h e  problem o f   c l o u d   b e h a v i o r ,   t h e  
c l o u d   h i s t o r y  w a s  d i v i d e d   i n t o   t h r e e   p h a s e s  as d e p i c t e d  i n  
F i g u r e  6-1 and as t a b u l a t e d   i n   T a b l e  6-1. A s  i n d i c a t e d   i n  
t h e   f i g u r e   a n d  tab le ,  t h e   c l o u d ' s   h i s t o r y   f r o m   t h e  time of 
its i n i t i a l   f o r m a t i o n   u n t i l  it r e a c h e s   e q u i l i b r i u m  a l t i t u d e  
is c o n t a i n e d   w i t h i n   P h a s e s  I and  11. PUFF w a s  p r i m a r i l y  
d e s i g n e d   t o   h a n d l e   t h e   p r o b l e m   o f   c l o u d   b e h a v i o r   d u r i n g  
t h e s e  t w o  p h a s e s .  

The basic model  upon  which PUFF is based  is t h e   r e s u l t  
of a s t u d y   o f   r e l e v a n t  l i t e r a tu re ,  b o t h   t h e o r e t i c a l   a n d   e x p e r i -  
m e n t a l .   I n   e s s e n c e ,   t h e   c l o u d  is t r e a t e d  as  an  open  thermo- 
dynamic   sys tem  wi th in   which  a l l  p r o p e r t i e s  are assumed t o  be 
uni form.   The   c loud   shape  is  r e p r e s e n t e d   b y  a s p h e r e   a n d  
c y l i n d e r   c o m b i n a t i o n  a s  shown i n   F i g u r e  6-2. The   c loud  
b e h a v i o r  is p r e d i c t e d   b y   t h e   s i m u l t a n e o u s   n u m e r i c a l   s o l u t i o n  
o f   t h e  

0 C o n s e r v a t i o n   e q u a t i o n s   f o r  
1) Mass 
2 )  Momentum (3 components)  
3) Energy 

0 Equa t ion   o f  s t a t e  
. 0 Volume  and  center   of  mass r e l a t i o n s   f o r   c y l i n d e r  

a n d   s p h e r e   c o m b i n a t i o n s .  
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Figure 6-1. General Representation of t h e  PUFF Program 

. .  



I 

Q) 
I 
W 

Pkase - 
I 

I1 

I11 (Kinkt ic  
Phase 1 

.I 

Tab le  6-1. Phases  of t h e  PUFF Program 

Cloud 
Behavior 

. . .  

Vortex ring 
with t a i l  
formed near 
vehicle 

'Tadpole'' s h a p e d .  :,: 

clotd rises ?hrmgh 
atmsphere 

. .  
.. . 

Cloud reaches 
equilibrium 
altitude and 
spreads out 

' Dcrninant 
Effect 

Exhaust 
lIurenm 
flux 

WlOyanCY 

D i f f u s i o n  

Other Effects 
Present 

D r a g ,  Diffusion 



/ 
I' 

Exhaust 

Lt - 
r -  
r -  

C 

e 
Xt - 
xail - 

length of t a i l  
radius of sphere 
radius of exhaust 
distance  fran exhaust 
distance  fran exhaust 

to  end of t a i l  
to  center of mss 

Figure  6-2. Cloud Shape 
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The resulting  solution  yields 

0 Position  (x,y,z) \ 

0 Temperature  function  of  time 
0 Density 
0 Shape* 

6.1 MODIFICATIONS TO PUFF 

Some  modifications to . .  PUFF are  necessary to allow 
it to  be  applied to the situation  shown  in  Figure 6-3. Some 
of  the  changes  are  general,  relating to both  the  duct  cloud 
and  the  ground cloud, while  other  changes  deal  with  the 
ground  cloud  only. 

- , .  . . . 

6.1.1 General  Changes 

General  changes  to  the  program  include (1) the 
introduction  of  atmospheric  density  and  temperature  profiles, 
(2) the  calculation  of  energy  released by chemical’reaction, 
(3) the  calculation  of  thermal  radiation  emitted  by  the  exhaust 
products  and ( 4 )  the  calculation  of  the  behavior  of  liquid 
droplets  and  solid  particulates  suspended  in  the  exhaust  gases. 

The use  of  atmospheric  density  and  temperature  pro- 
files  would  be  based  on  atmospheric  data  obtained  from 
soundings.  Soundings  are  taken at regular  time  intervals 
before  each  firing  and  twice  a  day  normally. 

The  calculations  of  the  energy  released by chemical 
reaction  would  involve  maintaining  an  inventory  of  the  chemical 
species  present  in  the  cloud  and  computing  the  rate  and  total 
amount  of  each  significant  reaction  associated  with  the 
production or consumption  of  each  species. The techniques 
used  in  the  afterburning  analysis  and  for  maintaining  an 
inventory  of  chemical  species  have  been  discussed  in  Section 
3.2. 

*In  terms  of  length  of  cylindrical  tail  and  radius  of  spherical 
body. 
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The spectral  characterist ics of t h e  t h e r m a l   r a d i a t i o n  
emitted by t h e  e x h a u s t   p r o d u c t s   ( g a s e o u s ,   l i q u i d  droplets ,  and 
s o l i d  p a r t i c u l a t e s )  are q u i t e   c o m p l e x   a n d   c a l c u l a t i o n  of s u c h  
character is t ics  is n o t  a s i m p l e  task.  T h e ' t o t a l   r a d i a t i o n  
emitted by t h e  v a r i o u s   c o n s t i t u e n t s ,   h o w e v e r ,   c a n  be c a l c u -  
lated b y   s t a n d a r d   e n g i n e e r i n g   t e c h n i q u e s   a n d   s h o u l d   p r o v e  
a d e q u a t e  f o r  t h e   t y p e  of model u n d e r   c o n s i d e r a t i o n .  

The   behavior  of l i q u i d   d r o p l e t s   a n d / o r   s o l i d   p a r t i c u -  
lates w i t h i n  t h e  c loud   depends   upon the ' s ize  of t h e  d r o p l e t s /  
par t ic les  and t h e  v e l o c i t y  of t h e  f low.  Methods f o r  p r e d i c t i n g  
such  two-phase f l o w  phenomena   have   been   presented   in  
S u b s e c t i o n s  3 . 1  and 3 . 3 .  

6 .1 .2  Ground  Cloud  Changes 

I n   a d d i t i o n  t o  t h e  f o u r   g e n e r a l   c h a n g e s  noted i n  t h e  

preceding s u b s e c t i o n ,  there a re  c e r t a i n   m o d i f i c a t i o n s  which 
re la te  spec i f i ca l ly  t o  t h e  g r o u n d   c l o u d   a l o n e .  PUFF w a s  n o t  
o r i g i n a l l y   d e s i g n e d  fo r  t h e  case where  t h e  rocket e x h a u s t  
impinges   on  a s o l i d  s u r f a c e .   T h e  program c a n  be e a s i l y  modi- 
f i e d  s u c h  t h a t  i n  t h e  p r e s e n c e  of a s o l i d  s u r f a c e ,  a s u r f a c e  
f o r c e  i s  i n t r o d u c e d   i n t o  t h e  momentum e q u a t i o n s  i n  s u c h  a 
way t h a t  t h e  g round   c loud   cen te r -o f -mass   canno t .pas s   t h rough  
t h e  s u r f a c e .  

Although t h e  ground  c loud   cen ter -of -mass  does n o t  
penetrate  t h e  s u r f a c e ,   a l l o w a n c e   m u s t  be made f o r  mass ,  
momentum, e n e r g y ,   a n d  species t o  escape from t h e  g round   c loud  
t h r o u g h  t h e  flame t r e n c h   e n t r a n c e   a n d   u l t i m a t e l y   i n t o  t h e  
d u c t   c l o u d .  A l l  s u c h   l o s s e s  t o  t h e  ground  c loud  would be 

added t o  t h e  d u c t   c l o u d  t o  s a t i s f y  basic c o n s e r v a t i o n   p r i n -  
c ip l e s .  C a l c u l a t i o n s  of t h e  magni tude  of t h e  losses would 
depend  upon t h e  h e i g h t  of t h e  r o c k e t   e n g i n e s   a b o v e  t h e  flame 
t r e n c h   e n t r a n c e .  A s  t h e  l a u n c h   v e h i c l e   a s c e n d s ,  t h e  amount 
of e x h a u s t  gases p a s s i n g   t h r o u g h  flame t r e n c h   e n t r a n c e  
decreases. T h i s  decrease r e s u l t s  from t h e  v e r t i c a l  rocket 
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exhaus t   p lume cross section ( a t   g r o u n d   l e v e l )   i n c r e a s i n g   w i t h  
time w h i l e   t h e   v e l o c i t y   w i t h i n   t h e   p l u m e  (as  ground level)  
is d e c r e a s i n g .  I . .  , 

. .  

I n   t h e  o r ig ina l  v e r s i o n   o f  PUFF, t h e  o r i g i n  of t h e  
c o o r d i n a t e   s y s t e m  w a s  t h e   c e n t e r   o f   t h e  j e t  e x i t  p l a n e .  For 
t h e  case o f   t h e   g r o u n d   c l o u d ,   t h i s   o r i g i n  would move upward 
as  t h e   l a u n c h   v e h i c l e   a s c e n d s .   B e c a u s e  i t  is d e s i r a b l e  t o  
h a v e   a n   o r i g i n   w h i c h  is s t a t i o n a r y   w i t h  respect t o  t h e   g r o u n d  

l e v e l ,  PUFF must be m o d i f i e d  s u c h  t h a t   t h e  o r i g i n  r e m a i n s  
f i x e d  a t  a p o i n t   c o r r e s p o n d i n g  t o  t h e   c e n t e r   o f   t h e   r o c k e t  
e x h a u s t   e x i t   p l a n e  p r io r  t o  l i f t o f f .  T h e   r o c k e t   e x h a u s t  e x i t  
p l a n e   a f t e r   l i f t o f f  w i l l  be programmed t o  move upward i n  
a c c o r d a n c e   w i t h   t h e  known t r a j e c t o r y   o f   t h e   l a u n c h   v e h i c l e .  

A n o t h e r   m o d i f i c a t i o n  t o  t h e  program w o u l d   i n v o l v e   t h e  
manner i n   w h i c h   t h e   b u o y a n t   f o r c e  is c a l c u l a t e d .   f o r   t h e   g r o u n d  
c l o u d .   C u r r e n t l y   i n  PUFF t h e   b u o y a n t   f o r c e   d e p e n d s   o n ' t h e   d i f -  
f e r e n c e   b e t w e e n   t h e  mean c l o u d   d e n s i t y   a n d   t h e   a t m o s p h e r i c  
d e n s i t y  a t  g r o u n d   l e v e l .   T h e   a t m o s p h e r i c   d e n s i t y   s u r r o u n d i n g  
t h e  t a i l  of t h e   g r o u n d   c l o u d   v a r i e s   w i t h   a l t i t u d e   a n d   t h u s  
t h e   b u o y a n t   f o r c e   s h o u l d   i n v o l v e   a n   i n t e g r a l  of t h e   d e n s i t y  
d i f f e r e n c e   o v e r   t h e   a l t i t u d e   i n t e r v a l   f r o m   g r o u n d   l e v e l  t o  
t h e   e n d   ( t o p )   o f ' t h e   g r o u n d   c l o u d  t a i l .  

6 . 2  CURRENT STATUS  OF PUFF PROGRAM 

The PUFF Program was c o n v e r t e d   f r o m   t h e  IBM 370 

t o   e x e c u t e   o n   t h e  REEDA S y s t e m .   V a r i o u s   s o f t w a r e   i n c o m p a t i -  
b i l i t i e s  had t o  be r e s o l v e d ,   s u c h  as:  

0 Label common n o t   s u p p o r t e d  
0 M u l t i p l e   e n t r y   p o i n t s  n o t  s u p p o r t e d  

0 I n i t i a l i z a t i o n   o f  common v a r i a b l e s   i n  da ta  
s t a t e m e n t s   n o t   s u p p o r t e d  

0 Block da ta  n o t   s u p p o r t e d  
0 Namelist r e a d   n o t   s u p p o r t e d  
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These were the initial  problems which had to be resolved for 
a  successful  compilation. A benchmark run for PUFF on the 
REEDA System has been  established. The necessary  logic has 
been  prepared to modify PUFF to account  for: 

a  variable  atmosphere 
0 a  moving  exhaust  nozzle 
0 a  solid  ground  level 

A mathematical  model  for  calculating the  jet stagnation  length 
has  been  established. The necessary  data  for  calculating 
the radiative emittance of  the  exhaust  products  have  been 
collected.  Once  this was accomplished  a  benchmark  comparison 
was made; however, some  discrepancies  were  noted. When  the 
REEDA version  of PUFF was  compared  to  an IBM 370 operational 
.version  identical  results  were  obtained  from  the  initial  time 
until  time was equal  to 0.10 seconds  using 0.01 sec  time 
increments. At this point  in  the  execution  of  the program, 
the  time  increment  was  increased  to 0.10 second.  Using  the 
new  time increment, significant  differences  begin  to  appear in 
the  calculated  results.  Various  modifications  were  made to 
try to eliminate  the  difference. All variables and  calculations 
were  changed to double  precision.  Various  complex  arithmetic 
computations  were  re-structured  into  less  compound  statements 
to eliminate  possible loss of  accuracy  by truncation, etc. 
The  above  changes  have not  affected  the  final  results.  There 
still  remained  differences in  the  results  when  the  time 
increment was increased  to 0.10 second.  Thus it was  decided 
not  to  increase  the  time  increment,  but  .to  leave it constant 
at .01 second  for  the  entire  duration  of  the  program to 
determine if  better  accuracy is gained  at  larger times into 
the run; however,  the  results  did  not  change.  Consequently, 
analysis  of  the REEDA version  of  the PUFF Program  will  continue 
with  appropriate  modifications  being  made. 
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It should be noted,  however,  that due to the  differ- 
ence  in  hardware  (i.e., IBM 370 vs HP 21MX REEDA), 32 bit vs 
16 bit  single  precision  words), 64 bit  double  precision vs 48 
bit  double  precision  words), (16 significant  digits vs 11 
significant  digits),  complete  agreement  between the results 
of the two machines  may  not  be  obtainable  given  the  algorithms 
that  exist  currently  in  the  PUFF  Program. 

6.3 CONCLUSIONS 

A new  numerical  cloud  rise  program  developed  for 
another  purpose  has  been  investigated  to  see if  it is  suitable 
for  use  on  the  exhaust  cloud  from the Space  Shuttle  propulsion 
system.  Development  has  been  initiated  to  modify  the  original 
code  and  convert it for use  on  the REEDA system. The use  of 
this  code  would  allow  the  simultaneous  determination  of  the 
cloud  shape  and  size  and  the  radiation  loss  from  the  exhaust 
effluents. No other  known  analyses  can  handle  the  situation 
as aptly as the PUFF code. 
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7 .  OVERALL  CONCLUSIONS  AND  RECOMMENDATIONS 

The study  performed  under  NASA  Contract  NAS8-31806 
has  yielded  large  dividends  in  the  technology  learned,  the 
basic  algorithms  developed,  the  meteorological  knowledge 
about KSC brought to a  useful form, and  the  large  amount  of 
software  developed. New techniques  utilizing  the  touch  panel 
on  the  Plasmascope  have  yielded  programs  that  are  convenient 
and  rapid  to  use. The effort  has  basically  completed  the  nec- 
essary  homework  for  a  full  scale  climatological  diffusion  as- 
sessment;  what  is now required is to bring  together  the  various 
models  and  start  the  development  of an operational  diffusion 
model  useful  not  only  for  a  climatological  assessment  but  for 
monitoring  operational  launches. The technique  for  the  cal- 
culation  of  the SRB exhaust  effluents  has  been  developed  but so 

far  losses  due  to  plume  impingement,  radiation,  the  flame 
trench, and  water  injection  have  not  been  considered. A pre- 
lininary  climatological  diffusion  assessment  was  performed to 
validate  the  techniques  developed;  the  results  have  only  limited 
validity  and  no  conclusions  can  be  drawn  from  the  results  of 
the  study. The study  assumed  the  Space  Shuttle was a  Titan 
type  vehicle  with  only  solid  propellant  boosters;  the  liquid 
propellant  SSME  and  their  interactions  with  the  solid  motor 
effluents  were n o t  considered. 

7.1 RECOMMENDED STUEY 

Ground-based  stable  layers  and  inversions  are  common 
Over  land  areas  near KSC during  calm  clear  nights,  especially 
in winter. The percent  frequency  of  occurrence of ground 
based  inversions  for  various  thickness  intervals  by  season  at 
KSC ( 5 0 )  is  given in Table 7-1. 
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Table 7-1. Percent  frequency of occurrence of ground-based 
inversions by season at KSC during  1965 - 1969 
at 0700 and 1900 EST. 

Thickness  Dec  Mar  June  Sep t 
of Ground Based Jan APr July oc t 
Inversion (rn) Feb May Aug Nov 

<loo 2.1 1.2 1.5 2.1 

101 - 250 32.4 25.3 30.2 23.5 

251 - 500 23.5 22.8 27.6 26.0 

501 - 750  2.5  4.1  1.3 0.6 

751 - 1000  1.6 0.6 0 0.6 

1000 - 1500 3.5 . 2  0 0.2 

>1500 0.7 . 2  0 0.2 
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The statistics i n  Table 7-1 are based on  Rawinsonde 
d a t a .   S h a l l o w   g r o u n d  based i n v e r s i . o n s   ( t h i c k n e s s  less t h a n  
250 m )  r e p o r t e d  a t  KSC are based  on a s u r f a c e   t e m p e r a t u r e   ( a t  
16 f t )   a n d  a t e m p e r a t u r e  a t  t h e   f i r s t   m a n d a t o r y   p r e s s u r e   l e v e l  
(1 ,000 m b ) .   S i n c e   t h e   t e m p e r a t u r e  a t  16 f t  is s t r o n g l y   i n -  
f l u e n c e d   b y  loca l  micrometeorological c o n d i t i o n s   t h e  statistics 
o f   s h a l l o w   i n v e r s i o n s  are n o t   r e p r e s e n t a t i v e  of o t h e r   l o c a t i o n s  
beyond a s h o r t   d i s t a n c e   f r o m   t h e   m e a s u r e m e n t   l o c a t i o n .  How-, 
e v e r   i f   i n v e r s i o n s  are reported b a s e d   o n   t e m p e r a t u r e  obser- 
v a t i o n s  a t  t h r e e  o r  more a l t i t u d e s   ( i n c l u d i n g   t h e   o b s e r v a t i o n  
a t  16 f t )   t h e r e  is more s u p p o r t  f o r  t h e   a r g u m e n t   t h a t  s t ab le  

c o n d i t i o n s  e x i s t  n e a r ' t h e   g r o u n d   o v e r  a wider area i n   t h e  
v i c i n i t y   o f   t h e   m e a s u r e m e n t  s i t e .  S i n c e  a ground based s t ab le  
l a y e r  a t  a p a r t i c u l a r   l o c a t i o n  w i l l  e f f e c t i v e l y   i n s u l a t e  
t h a t   l o c a t i o n   f r o m   t h e  s t a b i l i z e d  SRB c l o u d ,  i t  is i m p o r t a n t  
t o  e s t a b l i s h   t h e   a p p l i c a b i l i t y  of t h e   a v a i l a b l e  KSC i n v e r s i o n  
s ta t is t ics  t o  t h e  c l imatological  i m p a c t   a n a l y s i s .  The 
p h y s i c a l   p r o c e s s e s   r e s p o n s i b l e   f o r   t h e   f o r m a t i o n   o f  
g r o u n d - b a s e d   i n v e r s i o n s   i n   t h e  areas s u r r o u n d i n g  KSC 

are i n f l u e n c e d   b y   t h e   r e l a t i v e   d i s t r i b u t i o n  of r u r a l   a n d  
urban   topography  and  water bodies .  Urban areas and water 
bodies  d u r i n g   w i n t e r s  a t  KSC r e p r e s e n t   n o c t u r n a l  heat s o u r c e s  
w h i c h   c o u l d   c o n t r i b u t e  t o  t h e   m a i n t e n a n c e   o f  a noc tu rna l   mixed  
l aye r .  Al though a n o c t u r n a l   m i x e d   l a y e r   h a s   b e e n   i d e n t i f i e d  
o v e r   l a r g e  c i t i e s  (51, 52)  i ts  e x i s t a n c e   h a s   n o t   b e e n   i d e n -  
t i f i e d  o r  c o r r e l a t e d   w i t h   n o c t u r n a l   h e a t   s o u r c e s   i n   t h e  
v i c i n i t y   o f  KSC. 

I t  is a r e a s o n a b l e   h y p o t h e s i s   t h a t   t h e   i n v e r s i o n  
s t a t i s t i c s  o b t a i n e d   f r o m  KSC Rawinsonde data  are n o t   n e c e s -  
s a r i l y   r e p r e s e n t a t i v e   o f   c o n d i t i o n s  a t  a l l  l o c a t i o n s  of i n -  
t e res t  i n   t h e   v i c i n i t y   o f  K S C .  I t  is s u g g e s t e d   t h a n   a n  
e x p e r i m e n t a l   s t u d y  be implemented t o  e s t a b l i s h   t h e   r e l a t i v e  
s t r e n g t h   a n d   f r e q u e n c y   o f   o c c u r r e n c e   o f   g r o u n d  based s t a b l e  
l a y e r s   a n d   i n v e r s i o n s   o v e r   v a r i o u s   l o c a t i o n s   o f   i n t e r e s t  
n e a r  KSC. A d e q u a t e   r e s u l t s   w o u l d  be o b t a i n e d  by  sampling 
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temperatures  aloft  (to 1 km) daily, 1 hour  before sunrise, 
diring  January  and  February  over  population centers (Titus- 
ville, Cocoa), working areas, and  viewing areas within KSC 
boundaries. The purpose of the study  will be the  establish- 
ment  of  the degree of conservatism  of  air  quality  impact 
calculations based on the  available  large sample of Rawin- 
sonde data at KSC. 
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APPENDIX A . 

SOFTWARE SOURCE LISTINGS 

T h i s   s e c t i o n   c o n t a i n s " t h e   c o m p l e t e   s o u r c e   l . l s t i n g s  
of .most'of the software programs d i s c u s s e d   i n  t h i s  r e p o r t .  
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A-1. Conversion  Programs  (Generic) 

0 IBM 370/360 BCD/EBCDIC -+ ASCII 

0 UNIVAC 1108 BCD/EBCDIC + ASCII 

0 HP 2100 EBCDIC -+ ASCII 
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IBM 370/360 BCD/EBCDIC + ASCII  Conversion 
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L o t  OBJECT  CODE A W R 1  hDDR2 

OooozE 

000031 1821 
00003A O f 0 3  Z O I C  C3S8 ' 0 0 0 4 C  00350 
000043  4180 COSA OOO5A 
JOOU44 DC4F 2000 C198 00000 00198 

050056 4 7 F O  COZE  OOOZE 
31)OiJSI 

~ I ~ J L I  ca20 c12a 00128 
0000bA 4120 2091. 
00006E 4020 Cl28 

OOOUl 
00128 

J0007E 4 7 F O  COZE  OOOZE 
300082 . 



iJ3OlJl?i) 
000358 404040E4 



. . .  . .  . .  

UNIVAC 1108 BCD -f ASCII Program 
. .  

. .  1 
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". "" -" -." 
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. .  
HI? 2100 EBCDIC -+ A'SCII C o n v e r s i o n  Programs 
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H4l I B M H P '  
EM1 I B H H P  
E X T .   . E H l R  

BSB 1 
BSS. 1 
B S S  1 

HOP 

JSB .EHTR 
DEF I B N l  

L D A   H P l  

S T A  H P 2  
1st  

LDf i  1 6 f l 1 . 1  
r\HD * B O Z ' Z 4 0 0  
ALF 0 ALF 
A D A  IBIas  
A D A  a 
kon  A 
s SA 
JNP H E C E X  
l l LR  
JMP STEX ' 

R IaL 
AND = B O 0 0 3 7 6  

'1 OR = B O O 0 0 0  1 
s 2 a  

s T a  T E M P  

LDIl  I B H l r I  
R +L 
A H 0  = B O O 0 0 0 1  
S T k  E 

LOA I B H 2 r I  
ARS 
I H D  = B O 7 7 7 7 7  
S Z E  1 RSS 
JMP * * 2  

RHO a 8 0 0 0 3 7 7  
&LF, A!. F 
I O R  TEMP 
$ ? A  H P 2 r  I 

c m .  xtla 

; THE C A L L I H C  SEOUEHCE 181 C h L L  I 8 M H P C ' i ~ l l r I O ) l t r W P ) ;  
. .  

. .  UHEkE8 I B M l  - THE M O S T  SICH'IFICIWT P A R 1  O f  THE ISH' REAL Y P I P  * . ' . I D M l  - . T H E  LEAST SICHIFICAHT ? A R T  OF THE X D l  REAL Y O t D  
L HP. - THE REAL UORD I H  Y H I C H  THE RESULT I t  TO BE STORED 

IM HP FORHAT 

. .: 

GET hDDR€SSES OF 'PIIRI)MElERS I H T O  
I B N l ,  : I B M 2 ,  A H D  H P l  

SET UP THE I ) D D R E S S  OF THE  SECOND 
H A L F  OF THE HP REAL M O R 0  

CET F 1 R S T . P a R T  OF I E N  REAL. Y O R O  

S H I F T  T O  LOUER 8 B I T S  OF' A 
REMOVE I B M  EXPOHEHT B I A S  OF C 4  

m a w  OF.F T H E  E X P O H E N T  

QUADRUPLE  EXPOHEtrT T O  H A K E  I T  
a P G Y E R  OF 2 

S K I P  IF P O S I T I V E  E K P O H P H T  
JUNP. IF H E C A T I V E  EXPOHEMT 
P O S I T I V E  E X P O H E H T  - -  ROTATE I T  

H E C A T I Y E  EXPONENT - -  S H I F T ' , I T  1 
1 B I T  RIGHT  AH0  STORE . 

nasr  OFF J U S T  T H E  E X P O W E H T  
a( S K I P  IF.   EXACTLY  ZERO) 
P U T  I H  S I G N  B I T  

STO2E T H E  EXPOHEHT  TE#PORARILY 

GET F I R S T  PCIRT O F  I B H ' R E A L  Y O R D  
ROTrtTE I T  LEFT I B I T  

S T O R E  It4 B REGISTER 

DROP L E A S T   S l C H I F I C l N T  B I T  OF MQHT1881) 
G E T  SECOND PART OF I B H  REAL UORD 

S K I P  I f  H A H T I S S A . I S  H E C P T I V E  
DOHT C O a P L E H E H T  IF H h M T I S S A  P O S I T I V E  

GET  LOYEST E l C H 5  B I T S  
PUT I t l  G P P E R  P H R T  O F  U O R O  
O R  I W  THE .EXPr)HEWT 
PUT I H  b i C O t i 0  HGLr O F .  H P  REHL O O R D  

nasK O F F  n A N T x s s I  SIGH B I T  

AND CLEAR  THE  UPPER B I T  

N A H T ! S S A  HECATIYEo  COHPLEMEHT 
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A-2. Conversion  Programs  (Specific) 
I .  ., . ,  , .  . .  . .  

. I '  

0 1965  KSC  Rawinsonde  Data  Conversion  Program 

0 1974  Vandenberg  Rawinsonde  Data  Conversion  Program 

0 1964-1970  Jimsphere  Data  Conversion  Programs 



1965 KSC Rawinsonde Data Conversion  Program 
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. .  

F T N 4 ,  L 
P R O G R I M  SOUND 
O I H E N S I O N  IBUF(40),0BUF(4O)rISIZE(2) 
D I H E N S I O N   N I H E ( 3 ) r   f D C B ( 2 5 6 )  
I N T E G E R   O B U F  
D A T A   1 9 9 / 2 H  9 )  

D A T I   I S T / 2 H S T /  
D A T I   I S I Z E / - 1 , 4 0 /  

D A T A   N b H E / 2 H & S , 2 H D B , P H 6 5 /  
C * *  C R E A T E   D I S C   F I L E  T O  S T O R E   C O N V E R T E D   S O U N D I N G  

C S E T  I L  TO HUHBER OF U O R D S  T O  B E   U R I T T E N  = 39 
CALL C R E A T (  I D C B ,  I E R R I N A H E ,   I S I Z E a 3 )  

I L = 3 9  
N C  = 1 
U R I T E ( 6 , 3 2 0 )  

5 6  R E A D (  81 1 5 )  O B U F  
C I F ( O B U F ( 2 ) . N E . I S T )  G O  TO 5 6  
C NC=NC + 1  
C I F ( N C . L E . 1 2 )  G O  TO 5 6  

b J R I T E < 6 , 3 1 0 )   ( O B U F ( N ) , N = 1 , 4 0 )  
CALL C O D E  
U R I T E  C I B U F ,  1 5 )  C O B U F C N ) , N = 1 , 4 0 )  
CALL W R I T F  < I D C B ,   I E R R ,   I B U F J  I L )  

8 5  D O  1 0  1 ~ 1 ~ 5  
I 4 C = N C t  1 
R E A D <  8 , 15 ) OBUF 

15 F O R M A T (   4 0 A 2  
U R I T E ( 6 , 3 1 0 )   ( O B U F ( H ) J N = ~ , ~ ~ )  
C k L L  CODE 
W R I T E   ( I B t J F b l 5 )   ( O B U F ( N ) , N = 1 , 4 0 )  
C A L L   U R I T F  C I D C B ,   I E R R ,   I B U F ,  I L )  

1 0  C O N T I N U E  
1 4  R E A D ( 8 1 2 6 )  I A L T , I W D , I W K T S ~ I T E I l P ~ I T S , I D P T ~ I D S ~ I P R E S S ~ I R H ~ I A B ~  

2 0  F O R M A T (  1 6 , 3 X , I S , P X ,   1 3 , 3 X , I 2 , A 2 , 4 X ,  12,A2,3X,I5,3XJI2,4X,I4,1XJ 
l I D € N , I R , I V S ,  I W S  

1 1 5 , 3 x . l r 3 , 2 x , ~ 3 , 2 x , ~ 3 , 5 x )  
C A L L   I S I C C (   I T E N P ,   I T S ,   I D P T ,   I D S , T E t l P , D P T )  
PRESS = I P R E S S i 1 0 .  
A B  = I A B / 1 0 0 .  
DEN = I D E N t l O .  
W E I T E ( C , 3 5 0 i  I A L T , I U D , I M K T S , T E ~ P , D P T , P R E S S ~ I R H , A B , ~ E N , I R , I ~ S , I U S  

3 5 0  F O R M A T C 1 X ~ I C ~ 3 X ~ ~ 5 ~ 5 X ~ I 3 ~ 2 X ~ F S . l ~ ~ X ~ F S . l ~ 3 X ~ F 6 . l ~ 3 X ~ I 2 ~ 3 X ~  
l F 5 . 2 ~ 2 X , F 6 . 1 ~ 1 X , I 3 ~ 1 X ~ 1 3 , l X , 1 3 )  

CRLL CODE 
W R I T E ~ I B U F , 3 S O )  I A L T , I W D , I U K T S , T E I I P I D P T , P R E S S , I R H , A B , D E N J  

1 Ik, I U S , Z V S  
C A L L   M R I T F  I I D C B ,   I E R R ,   I B U F ,  I L )  
I F < I A L T . L E . 1 9 5 6 0 )  G O  T O  16  

1 7  R E A D ( 8 1   1 5 )   O E U F  
IFC06UF(40).NE:199) G O  T O  1 7  

A -  1 8  



18 
21 
19 

35  1 

86  

3 2 0  
3.1 0 
9 0  

U R I T E ( 6 , 3 1 0 )   ( O B U F I p ) r N = l r 4 0 )  
C ~ L L  . c ODE 
W R I T E , ~ ( I B U F , l S )   ( O B U F ( N ) , N = 1 , 4 0 )  
CALL W R I T F  ( I D C B ,   I E R R ,   I B U F ,  I L )  
Y R 1 T E ( 6 1 3 2 0 )  
DO 18  1 = 1 J 2  
R E A D (  8 J 1 5 )  OBUF 
w R I T E ( 6 ~ 3 1 0 )   ( O B U F C N ) J N = ~ , ~ ~ )  

. .  

C A L L   C O D E  
V R I T E   ( I B U F , l S )   ( O B U F ( . N ) , N = l i 4 6 ' )  ' . 

C A L L   W R I T F  ( I D C B J   I E R R ,   I B U F ,  I L )  
, . . .  . .  

C O N T I N U E  1 
. .  . I .  . I  

R E A b ( 8 ~ 1 9 )   I A L T ,   I Y D J I W K T S ,   I T E f l P ,   I T S ,   I D P T ,   I D S , I P R E S S J   I R H  
F O R M A T C I C J J X J I ~ , ~ X , I ~ , ~ ~ , ~ ~ J ~ ~ , ~ ~ J ~ ~ , ~ ~ ~ ~ ~ , I ~ , ~ ~ , I ~ ~  
P R E S S  = I P R E S S 1 1 0 .  
CALL I S I G C (   I T E P I P J   I T S #   I D P T > . I D S I T E M P , D P T )  
l d R I T E ( 6 ~ 3 5 1 )  I A L T , I U D J I W K T S , T E M P , D P T J P R E S S ~ I R H  
F O R M A T ~ l X ~ I C ~ 3 X ~ 1 3 ~ 5 X ~ I 3 ~ 2 X ~ F S . l ~ 3 X ~ F 5 . l ~ 3 X ~ F 6 . l ~ 3 X ~ I 2 ~  
CALL CODE 
I J R I T E (   I B U F J ~ S I )   I F I L T ,  I W D , I M K T S , T E H P > D P T , P R E S S ,  I R H  
CkLL Y R I T F   ( I D C B ,   I E R R ,   I B U F J  I L )  
I F C I A L T . L E . 1 9 5 0 6 )  G O  TO 2 1  
R E A D k 8 1  1 5 )  OBUF 
I F ( O S U F ( 2 ) . N E . I S T )  G O  T O  8 6  
Y R  I T E (  6 I 320 ) 

CALL CODE 
U R I T E ( G , 3 1 0 )   C O B U F ( N ) , N = 1 , 4 0 )  

U R I T E  C I B U F , l J )  ( O B U F i H ) , N = 1 , 4 0 )  
CALL W R I T F  C I D C B ,   I E R R ,   I B U F ,  I L )  
I F ( N C . C T . 7 0 0  ) G O  TO' 9 0  
G O  TO 8 8  
F O R M A T (   1 H 1  I 
F O R M A T (   1 X s 4 0 A 2 )  
C A L L   C L O S E (   I D C B ,   I E R R )  
E N D  
S U B R O U T I N E  I S I G C ( I T E H P ~ I T S ~ I D P T ~ 1 D S ~ T E M P ~ D P T ~  
D I H E N S I O N   I C H R ( 1 0 ) J   I N M ( 1 0 )  

' P Q T A   I C H R / S H !   , 2 H J   , Z H K ' , 2 H L   > 2 H H  J 2 H N  J 2 H O   1 2 H P   ' 8 2 H Q   , 2 H R  1 
D A T A   I H H / Z H O  z ? H 1  ~ 2 H 2  32H3 ~ 2 H 4  > 2H5 , 2 H b  2 H 7   J 2 H 8   , 2 H 9  / 
D O  1 0  I=l,lO 
A = I - 1  
8 = ,  - 1 .  
I F ( - I T S   . E Q . I C H R ( I  ) )  T E H P   = ( F L O A T (   I T E H P )  + A / 1 0 .  ) * B 
1 F Z I D S : E Q . I C H R C I ) )   D P T   = ( F L O A T ( I D P T )  t A t 1 0 . 1  * B 
IF( ITS.EQ. INH( I ) )  T E H P  = (FLOAT( ITEHP)  + a / 1 o . )  
IF ( IDS.EQ. I~ I I ( I ) )  D P T  = ( F L O A T ( I D P T )  + A / I O . )  
C O N T I N U E  
RETURN 
E N D  
E N D %  

A -  19  



1974 Vandenberg  Rawinsonde Data Convers ion   Programs 

0 IBM 360/44 Variable Length -t Fixed   Leng th  IBM 370 

0 Data S e l e c t i o n   P r o g r a m  

0 IBM 370 EBCDIC + ASCII (See   Pages  A - 3  t h r o u g h  A - 5 )  
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" 

L[JC OMJECT CODE ADDRL  ADDRZ  STMT  SOURCE  STATEMENT 

0009E 
00300 
OOOOfr 

OOJ00 

Od015 

OO(JO1 
00d00 
0033 2 

0001 5 

00318 

1 
2 MPRTRD 

12 BRANCH 
13 
14 
15 
20 
2 1  
22 RETURN 
23 

31 EOF 

33 
3 2  

39 
40 
41 

4 4  
4 3  OPEN 

4 5  
46  
52 
53 

LO') 
5 5  TAPE 

PR I N 1  NOGEN 
READY 
B OPEN 
L 2 * 0 ( , 1 )  
L 3 r 4 (  r l )  
G E T   T A P E r ( 2 )  
S R  1 9 1  

ST 1,0(r31 
D S  OH 
R E T  

O S  OH 

CLOSE I T A P E ) .  
LA 1 9 1  ., 
ST 1 , O t  9 3 )  
B RETURN 

01  B R A N C H t l r X ' F O '  

DS OH 
L R  2 . 1  
N I   B R A Y C H t l r X ' O F '  
3 P E N   ( T A P E )  
L R  
B BRArJCH+4 

1 * 2  

D C B   D S O R G = P S ~ M A C R F ~ G f l ~ D D N A f l E ~ S A S T A P E ~ E O D A D ~ E U F  
END 

A - 2 1  



I S N  0002 
ISN Oa03 
I S N  0004 

I S %  0005 
ISN 0006 
I s h  coo7 

I S t J  do08 

I S N  0009 
ISN U J l O  
I SN .1)011 

I S N  0013 

ISN OJ15 
ISN 0016 
ISiJ  0017 
I S N  d3Ld 
I S A  0019 

. - S N  0 0 2 2  
LSN OJLl 

15'4 0 0 2 3  
I S N  0025  

I S N   0 3 2 7  

I S N  UUZY 
I S N  0030 
IS14 0031 
1 S N  0 0 3 2  
I S N  0 0 3 3  
I S N  0 0 3 4  
I S N  0035 
I S N  U J 3 1  

1SN d 3 3 9  
I s h  004J 
I S N  3 0 4 1  
LSN 0042 
ISN 0 0 4 3  
I S 1  0044 

ISN 3028 

I s N  o o 3 a  

COMPILER  OPTIONS - NAME= M A I N ~ ~ O P T ~ O O ~ L I N E C N T ~ 5 4 ~ S l Z E ~ O 2 O O K e  
S O U R C E r f B C D I C ~ N O L I S ~ r ~ N O D E C K ' r L O A D ~ ~ A P ~ N O € D I l ~ ~ D ~ N O X R E f  

C .*.)I PROCkSS  4LL   LEVELS 
DO 2 0  I = l r L E V E C S  
I 1  = 1 8 2 5  + h l  
JJ = I !  + 19 
K = O  

K = K + l  
I D A T A I K )  = I t l U F ( J  

IFIUD.EO.2J GO T O  
P H E S S P ( I 1  = PRESS 
P R E S S ? ( I )  = PRESS 
A L T P I  1 1  = HT 
T F Y P P l  I )  = T E M P  

00 2 5  J=IIpJ.I 

25 CIINT  INUE 
1 

8 8  

P (  11/10. 

T E Y P P (  I 1  = ( T E ' l P P ( I 1 / 1 0 . 1  - 273.16 
WIIPI I 1  = WD 
WSP( I 1  = WS/lO. 
D P T P , ( I I  = DPT 
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I D A P  = DA 
I H R P  = H R  
GO T O  2 0  

P W E S S R I  I 1  = PRESS 

A L T R I  I I = H T  
T E Y P R I  1 )  = TEMP.  
T E M P K I  1 1  = ' I T E M P R I  I ~ / l O . ~  - 273.16 
UI)R( I I = WD 

U P T R ( 1 1  = O P T ,  
b i S K ( 1 )  = W S / I 0 .  

I OAR = I I A  
IHRR = HR 

20 CCINT IrIdE 
I S T Y  = S T N  
I Y R  = YH 
IHO = 30 
I D A  = DA 
I H R  = H9 

C ** W R I T E  D A T A  RECIJkDS TO T A P E  
I F L I I U . E O . L )  GO T O  10 " 

lF ( l lL$-NEe2)  GO TO 10  
-1.CYT = ILNT + 1 
I F I I L , ~ P . h ~ . l D A R . U R . I H k P . N E . I H R R ~ . G O  T O  10 
I k I l H k P . N E . 1 2 1  ti0 TU LO 
I F ( I C N T . L l . 1 1 1  GO T O  10 
I C N T  = 0 

l t ( P ~ t S S P ~ 1 1 . E ~ . - . 1 . A N 0 ~ A L T P ( l ~ ~ E Q . A L T R ( ~ ~ 1  P R E S S P l l l  = P R E S S R I l J  
N =  1 
DL) 213 I = Z , L E V E L P  
IFIPRESSPLll.~t.-.11 GO T O  220 
N = . J C l  

88 CONTINUE 

P R E S S R t  I I = P R E S S R (   1 1 / 1 0 .  

C ** C i ) W d T F  P I 8 A L   P H E S S c l R t S  

GI:I ro 210 
220 I F l r u . t O . 1 1  G O  T U  210 

J = I - N  
X = A L T P ( 1 )  - A L T P ( J 1  
Y = l L U O ( P K E S S P I J l 1  
2 = A C O G I  I ' R E S S P (  I 1 
C = Y - z  
NH = IJ-1 
00 32 Kz1,NN 
A = A L T P ( J + K I  - A L T P l J l  
tl = A / %  
0 = u*c 

P R E S S P I J + K I  = E X P  
E = Y - D  

32 GUN1 I N U t  

210 C O N V I N U E  
N = l  

C t* C O M P U l t   R A W   A L r l T  

( E  1 

IUOES 
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ISN 0102 
I S N  0103 
ISN 0104 
I S N  0106 
I S N  0107 
1SN 0108 
I S N  0110 
I S N  0111 
I S M  0112 
ISN 0113 
is14 U l l ' t  
15N UL14 
ISN U 1 1 6  
ISN JLL7 

ISN 011'3 
I S N  0120 
ISN 0 1 2 1  
I S N  0122 
IS% 0123 

ISN 0124 
I S N  U l 2 6  
I S N  0 1 2 7  
I S N  0123  
I S N  0130 
I . S N  0132 
I S N  0 1 3 4  
I S N  0136 
IStJ U137 
ISN 0130  
I S ' J  0139 
I S N  0140 
ISN 9 1 4 1  
1SN 0142 
I S N  0 1 4 3  
ISEJ 0 1 4 4  

I S N  a140  
IS% 0 1 4 7  

I S N  U l b 9  
1SN 3150 
ISN 9151 
I S N  0 1 5 2  

ISN 0194 
1SN dl55 
I S f l  O l > b  
151.1 J157 
1 5 r r  0158 
I S N  0159 
ISN 0160 
ISN 3101 
ISN O l d  
I S N  0163 
1srJ u l b 4  
ISN Gib5 

I S N  OL07 
I S N  U l O b  

I S N  O l 6 U  
ISN C 1 b 9  
I S Y  d l 7 0  
Ish: d l 7 1  
ISI< 0172  

I S N  0174 
I S N  U 1 7 5  

I S N  0 1 7 7  
ISN O l i d  
ISN 0 1 7 3  
1SN 0183 

 IS^ o l t e  

IsrJ 0 1 4 5  

1:rr u 1 4 ~  

Isr.: 0 1 5 3  

rsN (1173 

I S ! \  0 1 7 6  

330 

33,  

320 

263 
2 4 4  
2 6 5  

42 L 

801 

Bii2 

303  

804 

931 

805  

7Jl 

7 0 2  

7 S J  
7.7 9 

99 

b 

I Z I  

URITE(8,702I 
WRITE ( 6 9 7 O L )  
FJRYATlLX,31HALT D1R SPD TEMP OPT P R E S S )  
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1964 - 1970 Jimsphere C o n v e r s i o n  Programs 

- 

0 UNIVAC 1108 Data Reduction 

0 UNIVAC 1108 BCD -f A S C I I  (See  pages A - 6  through A - 1 1 )  

A - 2 5  
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A-3. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

MOD3A 

Interactive REEDA Programs 

MOD3B 

METPL 

STAN5 

MIXH 

JWSPL 

JWDPL 

JIMPS 

SKEW T (Version I & 11) 

PUFF 

*These have been merged into the NASA/MSFC REED Diffusion 
Model Program Version I. 
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Program MOD3A 
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F T N 4 r  L 
. .  P R O G R A M  H003A 

'. c 
c * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
c 
c H A S L / l l S F C   H U L T I L A Y E R   D I F F U S I O N   H O D E L  - HOD3.A 0 4  H A Y  1 9 7 7  
c 

C 
C 
c COHHON B L O C K  
C 

C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * + * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

COHMON A L T ~ 3 1 ~ ~ A L l ~ C O ~ H A X ~ C O N C P K ~ D E ~ R A D ~ A D I R ~ D O S P K ~ E l ~ C L D H T ~  
I D I R ( 3 1  ) I  I O P T ( 3 ) ,   I T I H E a I D C I Y ' , H O N T H ( 2 ) ,   I Y E A R , I S T I t l ,   I S D A Y ,  
I S H O N ~ 2 ~ ~ I S Y E A R ~ I V 2 , J T O P , L A U N T D ~ l O ~ , L T I H E ~ L T I H , L D A Y ~  
L H O N ( 2 ) ~ L Y E B R ~ L U ~ N U ~ , P I ~ P I O V R 2 , P ! 4 3 ~ P R E S S ~ 3 1  ) , P T E H P ( 3 1 ) ,  
Q l r R A D D E G , R ~ T O H C , C L D R ~ D , R ~ , R 3 , S B V E B ( 3 O ) , S ~ V E R ( 3 O > , S I G A ,  
S I G X O ~ S I C X , S P E E D ( 3 1 ) , S Q R 2 P I I S U R D E N I S I C Z O , S I G A P ~ S 8 ~ T E H P ~ 3 1 ~ ~  
T O P S U R , T Y O P I , A S P D , Y P ~ R ( 1 8 ) 1 C R T I H E ( 3 l ) , D I S T , Y E S , Y l , N U H R U N ~  
Y P O S ,   I F L C 1 ( 5 ) , Z B a   Z Z ,   R E F L E C ,   I R E T R N  

L O C I C B L  L T I H E  
I N T E G E R  Y E S  
E Q U I V A L E N C E  ( Q C l r V P C I R ( l ) ) , ( Q C 2 , V P C \ R ( 2 ) ) , ( Q C 3 , Y P A R ( J ) ) I  

( Q T I , V P A R ( 4 ) ) , ( Q T 2 , V P I I R ( 5 ) ) , ~ Q T 3 , V P C I R ( 6 ) ~ ,  
( A A ,  V P A R (  7 ) ) ,  ( B B ,  VPCIR( 8 )  1 8 ( C C ,   V P B R (  9 )  ), 
( H E A T N , V P A R ( l O ) ) , I H E A T ~ , V P B R ( l l ) ) , ( H E ~ T A , V P B R ( l 2 ) ) ,  
( P H C L , Y P B R ( 1 3 ) ) , ( P C O , V P A R O ) , ( P ~ O 2 , V P B ~ ( 1 5 ) ) ,  
~ P A L 2 0 3 ~ Y P A R ~ l C ~ ) ~ ( P ~ O ~ ~ P ~ R ~ l 7 ~ ~ ~ ~ G A ~ ~ ~ X , V P ~ R ~ l 8 ~ ~  

C 
C I N P U T   F O R H A T   S T B T E H E N T S  
C 

100  F O . R H A T   C ! 2 , 1 X ,   2 B 2 8 1 2 )  
101 F O R H A T . ( l O A P )  
102 F O R H A T   ( 1 4 r 5 X I 2 1   l X A 2 1 A l r   1 x 1 4 )  
103 F O R H A T   ( 1 4 r 3 X 1 2 , 1 X A 2 1 A l , l X I 4 >  
1 0 4  FORHCIT ( I 6 ~ 1 X I 3 ~ l X F 4 . 1 , F C ~ . l ~ F 6 . 1 ~ F 7 . 2 1 1 1 X F 7 . 2 ~  

C 
C O U T P U T   F O R H A T   S T A T E H E H T S  
C 

200 F O R H A T  ( / / / / ' t h d B * * * * N A S C I / H S F C  M U L T I L A Y E R   D I F F U S I O N   H O D E L  - H O D 3 B "  

201 F O R H A T   ( / / ' e L d B N U H B E R  OF R U N S   A N D   C O H R O N   D I I T A   F I L E   N A H E  

202 F O R H A T   ( 5 X ' R U N  " 1 2 "  Y I L L  U S E   D A T A   F I L E  " 3 A 2 )  
203 F O R H A T  ( / / " t & d F R @ & d B E S E A R C H  OR e & d F P E & d B R O D U C T I O N   R U N :  E L d J - " )  
204 F O R H A T  ( S X ' R E S E A R C H   R U N " )  
205 F O R H A T  ( 5 X " P R O D U C T I O H   R U N n )  
2 0 6  F O R H A T  ( / / " E & d B T O P   O F   S U R F A C E   L B Y E R ( H ) :  EbdJ,"  ) 

207 F O R H A T  ( / / ' ~ h d B S I G H B  OF Y I N D   f i Z I H U T H   A N G L E :  E h d J , " )  

4 X . 0 4   H A Y  1 9 7 7 * * * * " )  

' ( e . g .  0 1 , D C I T A ) :  E L d J - ' )  



20R F O R M A T   ( / / ' f L d B L A U N C H   T I H E   A N D   D A T E  ' 
' < c . g .  0800 E S T  Of H I Y  1 9 7 6 ) :  CLdJ,") 

209 FORMAT ( S X J - ~ L A U N C H   T I M E :   ' 4 A 2 / 5 X m L A U H C H   D A T E :  '6c12) 
210 F O R H A T  ( / / ' f & d B L A U W C H   V E H I C L E   ( E & d F S H l & d B U T T L E ,  

' ~ L d F T I f L d B T A N I   E b d F D E b d B E L T A - T H O R   E & d F 2 E L d B 9 1 4 , ' / 1 6 X  
" f & d F D E & d B E L T A - T H O R   f L d ' F 3 f L d B 9 1 4 r  ' 
' C & d F H e & d B I H U T E p & d F H E & d B L ~  11 ): 'CbdJ,' ) 

211  F O R H A T   ( S X ' L A U H C H   V E H I C L E :  '4212) 
212 F O R H A T  ~ ' l ' 8 0 ~ 1 H * ~ / l X ~ 8 0 ~ l H * ~ / l X ~ l O ~ l H * ~ ~ 6 O X ~ l O ~ l H * ~ ~  

I X I l O < l H * ) I '   H A S A / H S F C   H U L T I L I Y E R   D I F F U S I O H   H O D E L  - ' 
'MOD3A 04  H A Y  1977  'J l o (  1 H * ) / 1 X ,   1 0 ( 1 H * ) 1 6 O X ,  l o (  1 H * ) /  

"ORUN '12' U S I N G   D A T A   F I L E  " 3 I 2 /  
' 0 ' 3 A 2 , A l '  L A U N C H   V E H I C L E ' )  

1X180(  l H * ) / l X 1 8 0 ( 1 H * ) /  

213 F O R M A T   ( ' O L A U N C H   T I H E : , >   ' 1 4 "   E m E I 2 , 4 X " D L T € :  ' I 2 1  1 X A 2 , A l l   1 x 1 4 )  
2 1 4   F O R H A T   ( ' O P R E D I C T I O N   T I H E :   ' 1 4 "   E U A 2 , 4 X " D A T E :   " 1 2 ~ 1 X A 2 r A l r l X I 4 /  

" O D A T A   F I L E   H E A D E R   I N F O R H A T I O N : ' )  

" N E X T   R U N ) > > > ' )  

" N E X T   R U N ) ) > > ' )  

215 F O R H A T   < ' O < < < < O P E N   E R R O R  " 1 4 " ~   P R O C E S S I N G , C O N T I N U E S   U I T H  " 

2)6 F O R H l l T   ( ' O < < < { R E A D F   E R R O R  " 1 4 " ~  P R O C E S S I N G   C O N T I H U E S   Y I T H  " 

217 F O R H A T   ( 6 X ~ 4 0 A 2 )  
218 F O R H h T   C ' O " 5 X " T I H E :   ' 1 4 "   E " A 2 a 4 X  

" D A T E :  ' I 2 1  1 X A 2 1  A i  I 1 x 1 4 )  
219 F O R H A T  ~ ' 1 ' 8 0 ~ l H S ~ / 1 X ~ 2 0 ~ l H S ~ ~ 4 . O X ~ 2 0 ~ l H S ~ /  

1 x 1  20(  I H S  ), 1 6 X ' S O U H D I N G " 1 6 X I  20< 1 H S  )/ 
l X ~ 2 0 ~ l H S ~ ~ 4 0 X ~ 2 0 ~ 1 H S I / I X I 8 0 1 1 H S ~ ~ / ~  

220  FORH.LT ( " 1 ' 8 0 (  ~ H F ) / ~ X , ~ ~ ( ~ H F ) J ~ ~ X J ~ O (   l H F ) /  
1X120(  I H F  ), 1 6 X " F O R E C f i S T "  1 6 X a  20(  1 H F  ) /  
l X ~ 2 0 ~ 1 H F ~ ~ 4 0 X ~ 2 0 ~ 1 H F ~ / l X ~ 8 0 ~ i H F ~ / / ~  

2 2 1   F O R H A T  ( ' O S U R F A C E  D E N S I T Y  < G H / H * * 3 ) :  ' F 8 . 2 )  
2 2 2   F O R H A T  ( " O L A Y E R  A L T I T U D E   D I R E C T I O N   S P E E D  ' TEMP ' 

" P O T - T E M P  D P T E H P   P R E S S U R E ' /  
" N O .  ( F E E T )   ( H E T E R S )   ( D E G R E E S )   ( H / S E C )  
" ( D E G R E E S   C E N T I G R A D E )   ( H I L L I B A R S ) " )  

S 

223 FORHEIT ( 2 X I 2 , I 7 r Z X I 5 1 7 X I 3 ~ 5 X F 4 . l 1 4 X ~ 4 . l ~ 4 X F 5 . 2 , 6 X ~ 4 . l , 6 X f S . 2 )  
C 
C T Y P E   A N D   D I H E N S I O N   S T A T E H E H T S  
C 

I N T E G E R  B L A H K S J F I L E ( ~ ) I F D I G I T ( ~ O ) I R C H E I R , V N A H E S ( ~ I ~ ~ J  
R U H N U H , R B I F O J S D T , T E J Z E R D ~ , G E T T D < ~ > J C L D R I ~ ~ )  

D I H E N S I O N  I P A R ~ ~ ~ I V P A R S < ~ ~ ~ ~ ~ ~ I ~ N A M ~ ~ ~ ~ I D C B ~ ~ ~ ~ ~ ~ I ~ U F ~ ~ O ~ ~  
I f i L T ( J l ) r D P T E t l P ( 3 1 )  

C 
C D A T A   S T E I T E N E N T S  
C 
C 
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
C * * *  VPARS(  1-1 8 ) = S H U T T L E  ( 1 9 - 3 6   ) = T I T A N   ( 3 7 - 5 4   ) = D E L T A - T H O R  2914  
C * * *  ( 5 5 - 7 2  ) = D E L T L - T H O R  3 9 1 4  ( 7 3 - 9 0 ) = H I N U T E H A N  I 1  



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C 

D L T A  Y P L R S / l . 5 2 1 9 2 3 E 7 ~ 6 . 8 8 2 9 6 8 E 6 ~ 3 . 4 4 1 4 8 4 E 6 ~ 1 . 8 9 4 7 9 4 1 7 3 E 9 ~  
8 . 5 6 9 2 9 5 1 6 E 8 1 1 . 7 1 3 8 5 9 Q 3 2 E 9 ~ 1 . 6 5 2 2 1 2 9 8 9 1 1 . 4 6 8 0 8 4 6 , '  
. 3 7 5 1 1 4 7 9 . 7 1 1 0 6 2 . 3 5 ~ 1 0 ~ 0 ~ O 1 . 1 9 7 0 1 . 2 2 3 4 1 . 0 3 1 ~ ~ . 2 7 9 1 1  
. 0 0 0 2 ~  . 6 4 1  
5 . 4 3 7 5 2 8 E 6 1 2 . 7 1 8 7 6 4 E 6 1 i - . 3 5 ' 9 3 8 2 E 6 ' ~ 3 . ' 2 6 2 5 1 6 8 , E 8 1 ,  
1 . 6 3 1 2 5 8 4 E 8 1 3 . 2 6 2 5 1 6 8 E 8 1 . 4 2 9 5 8 0 $ 6 9 ; . . 5 1 8 4 2 2 ~ 1 " ,  
5 . 0 1 2 0 2 1   . 1 ~ 1 0 1 0 ' . 5 5 ~ 1 0 0 0 . 0 1  .193.2,.,.26:651,.02221 " 

. 2 8 1 9 1 . 0 0 0 2 1 . 6 4 1  . I  

8 . 3 6 0 6 8 5 E 5 , 9 . 0 9 8 1 1 E 4 1 2 . . 7 2 9 4 3 4 E 5 1 2 . 8 8 7 5 9 8 E 7 1  
3 . 1 4 2 2 9 E 6 ~ 1 . 8 8 5 3 7 3 E 7 . 1 . 9 2 2 1 5 6 , . 4 3 2 ? 0 3 1 . 5 4 1 1 7 6 6 . 0 ~  
1 0 0 0 . 0 1 6 9 0  . 0 1  . 1 8 6 6 1   . 2 0 , 5 5 ' ~  . Q 1 5 6 1  .339'1,1 . 0 0 0 2 ~  
. 5 0  I 

1 . 0 5 7 5 5 7 E 6   1 . 4 8 2 9 2 3 E 5  I 3 ' .70731E5  1 '6   . '7Q269€7,  
9 . 3 9 8 6 1 6 E 6 1 4 . 6 9 9 J O 8 6 7 , ; 1 . 2 4 5 7 5 6 1  .4180947 '1  
0 . ~ 1 1 4 4 9 . 9 ~ i o O O . 0 ~ 4 1 1 . i 8 ~ . ~ 8 6 6 ~ . 2 0 5 5 ~ . ~ i 5 6 ~ . 3 3 9 1 1  
.00Q21 . S O ,  
4 . 6 8 4 4 7 6 E 5 1 4 . 6 8 4 4 7 6 E 5 1 , 1 . 1 7 1 1 1 9 E 5 , 2 . 8 1 0 6 8 5 6 E 7 ~  
2 . 8 1 0 6 8 5 6 E 7 , 2 . 8 1 0 6 8 5 6 E 7 1 . 4 6 9 9 8 2 , . 4 6 3 3 3 3 ~ 0 . 0 t  
2 0 5 5 . 9 1 2 0 5 5 . 9 ~ 1 Q 0 0 . 0 t . 1 8 6 6 1 . 2 Q 5 5 ~ . 0 1 5 6 1 . 3 3 9 1 , ~  
. 0 0  02 I . 6   4 /  

C 
D L T A  BLANKS/PH / I  R C H A R / i H R / I  RA'/2'HR8/,  F0/2HFO/, 

SDT/2HDT/,  TE/2HTE/t  ZEROQ/$HOQ/I  N1NE9/2H99/1 
. .  

C E T T D / ~ H G E I ~ H T T I  I H D / J  C L D R I / ' ~ H C L I ~ H D R I ~ H I /  
OLTL F D I C I T / P H Q l >  2 H 0 2 , 2 H 0 3 , 2 H Q 4 , 2 , H 0 5 , 2 H O C ,  2HO7,2HO8,2HQ9,2HlQ,- 

2 H 1 1 ~ 2 H 1 2 1 2 H 1 3 1 2 H 1 4 ~ 2 , H 1 5 ~ 2 H 1 6 ~ 2 H 1 7 ~ 2 H 1 8 ~ 2 H 1 9 ~ 2 ~ 2 0 ~  
2H21 I 2H2212H23,2H241Z!H25,2H261 2 H 2 7 , 2 H 2 8 , 2 H 2 9 ~   2 H 3 0 1  
2H31,2H32,2H33,2H34,2H35,2HJ6,2H36,2H3712H38,2H39,2H4Q, 
2H41,2H42,2H43,2H44,2H45,2H46,2H4?12H4812H49,2H50/ 

D A T A  I Y N A H / 2 H S H ~  P H T I ~ ~ H D ~ ~ ~ H D ~ J ~ H H N /  
DCITCI V N A M E S / P H S H J  ~ H U T I ~ H T L J  l H E I  . 

2 H T I  t 2HTAl  ~ H N J  1 H  I . 
~ H D - I ~ H T  1 2 H 2 9 ~ 2 H i 4 1  
~ ~ ( D - J ~ H T  12H3912H141 ' 

2HHI I 2HNHl2HN 1 2 H I I /  
C 
C F I N D  THE LOGICCIL U N I T  H U N B E R  O F  T H E  D E V I C E  T O  BE USED FOR 

T C  I N P U T  R N D  S E T  THE YARIBBLE  LU  'EQUFIL TO I T  
c 

C A L L  RHPBR( I P A R )  
LU = I P A R ( 1  > 

C 
c I N I T I A L I Z E  SOHE C O H I I O N  VARIABLES 

L T I H E  = .F.ALSE. 
Y E S  = 1 H Y  
P I  = 3 . 1 4 1 5 9 3  
PIOYR2 = 0 . 5  * P I  
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P I 4 3  = 1 .3333333  * P I  , .  

T Y O P I  = 2 . 0  * P I  
S 4 R 2 P I  = S Q R T C   T Y O P I  ) 
DEGRAD = P I / 1 8 0 . 0  s 

RADDEG = 180 . 0 / P I  
DO 2 I = 1 , 3  

2 I O P T ( 1 )  = 0 
Z B  = 0 . Q  
2 2  = 0 . 0  
R E F L E C  = 1 . 0  

C 
C U R I T E   T H E   H E A D E R   O F   T H E   C O N S O L E  
C 

C 
c R E A D  I N  T H E   N U H B E R  OF R U N S   T O   B E   H A D E   A N D   T H E   F I R S T   F O U R  
C C H A R A C T E R S  OF T H E   D A T A   F I L E   N A t l E S   F O R   T H O S E   R U N S  
C 

U R I T E   ( L U , 2 0 0 )  

U R I T E   ( L U 1 2 0 1 )  
R E A D   L U ,  1 0 0  > N U H R U N ,   F I L E (  1 ) I  F I L E (  2 )  I I F O F F  
NUMRUN = H I N O (  H A X Q (  NUHRUN, 1 ), 5 0  ) 
I F ( I F 0 F F  . C T .  0 ) I F O F F  = I F O F F  - 1 
I F ( F I L E ( 1  > . N E .   B L A N K S  ) G O  TO 5 
F I L E ( 1  1 = 2 H D A  
F I L E ( 2 )  = 2 H T A  
I F O F F  = 0 

! 8 .  

, , I  

5 I F ~ N U t l R U N * I F O F F   . G T .   5 Q ) N U H R U N  = 5 0  - I F O F F  
, I , .  

DO 6 I = l > N U H R U ' N  
J = I + IFOFF 

6 W R I T E   < L U , 2 0 2 )   I , F I L E (   I ) J F I L E ( ~ ) I F D I G I T ( J )  
C 
C F I H G  OUT I F   T H E S E   R U N S   A R E   T O   B E   R E S E R R C H   R U N S   ( I N T E R A C T I O N  
C CIND P L O T T I N G   A L L O U E D )  O R  P R O D U C T I O N   R U N S  
c 

W R I T E   ( L U , 2 0 3 )  
R E A D   ( L U I  1 0 1  > I 
I F ( 1  . E Q .  R C H A R i I O P T ( 2 )  = 1 
I F ( I O P T ( 2 )   . E Q .  0 ) C O  TO 7 

G O  T O  1 2  
U R I T E   ( L U 1 2 0 4 )  

7 Y R I T E   ( L U ~ 2 0 5 )  
C 
c: FOR P R O D U C T I O N  RUNS, R E A D   I N   T H E   T O P  OF T H E   S U R F A C E   L A Y E R  
C RND  THE  S IGMA OF T H E   U I N D   A Z I M U T H   A N G L E   T O   B E   U S E D   F O R  6LL RUNS 
C 

M R I T E   ( L U 8 2 0 6 )  
RErSD ( L U ,  * I  TOPSUR 
U R I T E   < L U , 2 0 7 )  
R E A D   ( L U , , * )   S I G R  

c 
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C R E A D  I N   I N D   Y R I T E  O U T   T H E   L A U N C H   T I H E   A N D   D A T E . - -  I F  NOT 
C E N T E R E D ,  DO N O T   Y R I T E   A N Y T H I N G   O U T  
C 

12 Y R I T E  C L U 1 2 0 8 )  
R E A D  ( L U ,  101  ) ( L A U N T b (  111 I = l r  1 0 )  
I F ( L A U N T D ( 1 )   . E Q .   B L C I N K S ) C O   T O  1 7  
L T I H E  = . T R U E .  
C L L L   C O D E  
R E A D   ( L I U N T D I I O Z )   L T I H , L D A Y , L H O H , L Y E A R  
Y R I T E   ( L U , 2 0 9 )   ( L A U N T D ( I ) ~ I = l , l O )  
GO TO 2 1  

17 L A U N T D ( 4 )  = S D T  
C 
C R E A D   I N   T H E   L A U N C H   V E H I C L E ,   L E T   I T   D E F  A U L T  I F  T E  N O T   E N  
C U R I T E   I T  B A C K  OUT,  AND F I L L   T H E   Y P A R   A R R A Y   U I T H   T H E  
C I P P R O P R I I T E   V E H I C L E   P I R R M E T E R S  
C 

2 1  U R I T E   ( L U 1 2 1 0 )  
R E A D   ( L U ,  1 0 1  ) J 
DO 2 4  I = l r S  
I F < J  . E a .   I Y N A H ( 1  ) ) G O  TO 2 5  

24 C O N T I N U E  
I = l  

25 I O P T ( 3 )  = I - 1 
Y R I T E   ( L U r 2 1 1 )   C Y N A H E S < J , I ) , J = l , 4 )  
DO 2 8  J=1,18  

28 V P I R C J  ) = V P A R S (  J I ) 
C 
C DO  LOOP O N  THE  RUN  NUMBER 
C’ 

C 
DO 719 R U H N U H = l ,   N U H R U H  

RED, 

C S E T   U P   T H E   F I L E   N A H E  FOR T H I S   R U N ,   G E T   T H E   C U R R E N T   T I M E ,  
C I N D   U R I T E  O U T   T H E   H E A D E R  
C 

F s I L E ( 3 )  = F D I G I T ( R U N N U H + I F O F F )  
R S S I G H  31  T O   I R E T R N  
CALL E X E C ( 8 ,  C E T T D )  

31  C O N T I N U E  
I T I H E  = I T I H E  + 100 
I = I O P T ( 3 )  + 1 
Y R I T E  ( 6 , 2 1 2 )  R U N N U M r ( F I L E ( J ) , J = l , 3 ) , ( Y N A H E S ( J , I ) , J = l , 4 ~  

Y R I T E  ( 6 , 2 1 4 )  I T I H E , L A U N T D ( 4 ) , I D A Y , H O N T H I  I Y E A R  
I F < L T I H E ) U R I T E  ( 6 , 2 1 3 )  L T I H , L A U N T D ( 4 ) , L D A Y ~ L H O N ~ l ) , L Y E U R  

C 
C OPEN T H E   D 6 T 6   F I L E   F O R   T H I S   R U N  
C 

C ~ L L  OPEN(IDCB,IERR,FILE) 
I F C I E R R   . G E .   0 ) G O   T O  3 2  
Y R I T E  (6 ,215 )  I E R R  
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C 
C 

c 
c 

32 

34 

3 7  
39 

C 
C 
C 

C 
C 
C 

C 
C 
C 

4 1  

C 
C 
C 

C 
C 
C 
C 

4 4  

G O  TO 7 9  

R E L D   T H E   H E A D I N G S   F R O H   T H E   D A T A   F I L E ,   S E T T I N G  UP THE 
APPROP,RIATE  PARAHETERS 

CILL R E R D F t  I D C B ,  I E R R ,   I B U F ,  401  L E N  > 
I F t I E R R  . G E .  0 ) G O  TO 3 7  

G O  TO 7 9  
I F ( I B U F ( 1 )   . N E .   T E ) C O  TO 3 2  

U R I T E  ( 6 , 2 1 6 )  I E R R  

Y R I T E  ( 6 , 2 1 7 )  < I B U F < I > J I = l , L E N )  
CALL R E A D F (   I D C B ,   I E R R ,   I B U F ,   4 0 ,   L E N  1 
I F ( 1 E R R   . L T .  0 ) G O  TO 3 4  
I F ( I B U F ( l ) . N E . R A  .CIND. I B U F ( l ) . N E . F O ) C O  TO 3 9  
I O P T ( 1 )  = 0 
I F < I B U F < l )  .EQ. F O ) l O P T ( t )  = 1 
Y R I T E  ( 6 , 2 1 7 )  ( I B U F ( I ) , E = l , L E N )  
CALL R E A D F <   I D C B ,   I E R R ,   I B U F ,   4 0 , L E N )  
I F ( 1 E R R   . L T .  0 ) G O  TO 3 4  
Y R I T E  ( 6 , 2 1 7 )  C I B U F ( I ) , I = l , L E N )  

R E A D   T H E   S O U N D I N G t F O R E C R S T   T I R E  

ChLL REBDF(  I D C B ,  I E R R ,   I B U F J - 9 )  
I F ( 1 E R R   . L T .  0 ) G O  TO 3 4  
CALL CODE 
R E A D   ( I B U F , l 0 3 )  I S T I H ~ I S D A Y , I S t l O N ~ 1 ~ ~ I S H O N ~ 2 ~ ~ I S Y E A R  

CHCINGE TO  EST OR E D T   D E P E N D I N G  OH L h U N C H   T I H E  

I S T I H  = I S T I H  - 500  
I F ( L A U N T D ( 4 )   . N E .   2 H S T ) I S T I M  = I S T I H  t 100  
I F ( I S T 1 H   . G T .  0 ) G O  TO 4 1  
I S T I H  = 2 4 0 0  + ISTIPI 
I S D A Y  = I S D A Y  - 1 

U R I T E  OUT  THE  NEXT  L INE OF THE  HERDER 

CALL R E A D F (   I D C B ,   I E R R ,   I B U F ,  4 0 ,  L E N )  
I F ( 1 E R R   . L T .  0 ) G O  T O  3 4  
Y R I T E  ( 6 , 2 1 7 )  ( I B U F ( I ) J I = l , L E N )  

U R I T E  OUT T H E   S O U N D I N G i F O R E C A S T   T I M E  

F I N D   T H E   F I R S T   D A T I I   P O I N T   U I T H  AN A L T I T U D E  OF 10 F E E T  
O R  ABOVE 

CALL R E A D F (   I D C B ,   I E R R ,   I B U F I ~ O I L E N )  
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4 6  

4 7  
C 
C 
C 

4 8  

4 9  
C '  
C 
C 

51  

5 2  
C 
C 
C 
C 

I F < I E R R  . L T .  0 ) C O  TO 3 4  
C A L L   B 2 2 (   I B U F (  1 1 1  J 1 
I F < J . L T . Z E R O O   . O R .   J . C T . N I N E 9 ) C O   T 0 . 4 4  
C A L L  CODE . 
R E L D   ( 1 B U F 1 1 0 4 )  I L ~ T ~ ~ ~ I I D I R < ~ ~ J S P E E D ~ ~ ~ ~ T E H P ~ I ) , D P T E H P ~ ~ ~ ~  

PRESS(  1 ) I  SURDEN 
I F < I L L T ( l )   . L T .  1 O ) C O  TO 4 4  - .  

TRY TO F ' IND A TOTAL OF 30  O A T A   P O I N T S   Y I T H   A L T I T U D E S  
B E T U E E N  20  F T  A N D  10,000 F T   I N C L U S I V E  

NUH = 1 
0 0  47  1 ~ 2 1 3 0  
CALL R E A D F (   I D C B I   I E R R I   I B U F I  4 0 ,  L E N )  
I F ( I E R R . L T . 0  . L N D .  I E R R . N E . - I P ) C O  TO 3 4  
I F ( L E N   . E P .   - 1 ) C O  TO 4 8  

I F ( J . L T . Z E R O 0  . O R .  J . C T . N I N E 9 ) C O  TO 4 6  
CALL CODE 

CALL B 2 2 (   I B U F C  1 ) ~  J 1 

R E A D   ( I B U F a l O 4 )  I A L T ~ I ) ~ I D I R ( I ) I S P E E D ( I ) I T E H P ( I ~ I D P T E H P ~ I ~ ~  
PRESS(  I) 

I F < I A L T ( I ) . L T . S O   . O R .   I A L T < I ) . C T . l 0 0 0 0 ) C O  TO 4 6  
NUN = I 

Z E R O  O U T   T H E   R E H A I N I H C   E L E H E N T S  OF THE  ARRAYS 

H U H 1  = NUH + 1 
I F ( N U I I 1  . G f .  3 0 ) C O  TO 51' 

A L T ( 1 )  = 0 . 0  
I D I R t I )  = 0 

T E H P C I )  = 0 . 0  
DPTEHPC I) = 0 . 0  
PRESS(  I } = 0 . 0  

DO 4 9  I = N U H l , 3 0  

SPEED('I) = 0 . 0  

CONVERT TO H E T R I C   U N I T S  

DO 5 2  I = l , N U H  
R L T (  I) = 0 . 3 0 4 8  * F L O A T (   I A L T (  I)) 
SPEED(  I ) = 0 . 5 1 5  * S P E E D ( 1  1 

SORT ALL T H E   D A T A   P O I N T S  SO THEY  APPEAR I N   L S C E H D I N C  
ORDER OF A L T I T U D E  

N U H l  = NOH - 1 

J J  9 HUH - I 
D O  5 7  J = i , J J  

DO 5 8  I = l , N U H l  

J l = J + l  
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I F < A L T < J )   . L E .   A L T ( J I ) ) G O   T O  57 
ARC = t l L T < J  1 
A L T C J )  = A L T ( J 1 )  
A L T ( J 1 )  = ARC 
I A R G  = I D I R ( J )  
I D I R t J )  = I D I R C J 1 )  
I D I R ( J 1 )  = I A R G  
I R G  = S P E E D t J )  
SPEED(  J ) = SPEED(  J i  ) 
SPEED(  J l )  = ARG 
I R G  = T E M P ( J )  
T E H P ( J )  = T E H P C J I )  
T E H P ( J 1  ) = A R G  
I R G  = DPTEHPCJ 
DPTEHP< J = DPTEHP(  J 1  ) 
D P T E H P ( J 1 )  = A R G  
ARG = PRESS(  J )  
PRESS(  J 1 = PRESS(  J i  
P R E   S ( J 1 )  = A R C  

57 CONT t HUE 
58  C O N T I H U E  

C 
C C A L C U L A T E   T H E   P O T E N T I A L   T E H P E R O T U R E  
C 

DO 62 I = l , N U H  
62 P T E H P ( 1 )  = < T E H P < I Z :  + 2 7 3 . 1 5 )  * ((1000.O/PRESS(I))*+O.288) 

C 
C YRITE  THE  HERDER  FOR  SOUNDING OR FORECRST 
C 

IF~IOPT(I) .EQ. 1 ) G O  T O  6 4  
Y R I T E  (61219) 
G O  TO 6 5  

' 64  U R d T E  ( 6 ~ 2 2 0 )  
C 
C U R I T E   T H E   S U R F A C E   D E N S I T Y   f i N D  ALL T H E   D A T A   P O I N T S  
C 

65 Y R I T E  ( 6 r  221) SURDEN 
Y R I T E  C 6,222 > 
DO ' 6 8  1 ~ 1  I N U H  
11)LTF = 3 . 2 8 1  * A L T C I )  + 0 . 5  
I R L T H  = CILTC I) + 0 . 5  
APTEHP = P T E H P ( 1  ) - 2 7 3 . 1 5  

68 U R I T E  ( 6 , 2 2 3 )  I J I A L T F ~ I A L T H ~ I D I R ~ I ) ~ S P E E D ( I ) ~ T E H P ~ I ~ ~  
f iPTEHP,   DPTEHP< I ) I  PRESS(  I) 

C 

'C . 
. ,c TRANSFER TO  T"HE SEGHENT  CLDRI  - -  T H E   C L O U D   R I S E   H O D E L  

ASSI 'CN'  75 TO I R E T R H  
C A L L   . E X E C (  8 I CLDR I 1 

75 C O N T I N U E  
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C 
C 
C 

C 
C 
C 

C 
c 
C 

7 9  

C 
C 
C 

C L O S E   T H E   D A T A   F I L E  

caLL  C L O S E (  IDCB) 

PROCESS  THE  NEXT  RUN 

C O N T I N U E  

S T O P   E X E C U T I O N  

STOP 

END 
S U B R O U T I H E   D F E X P C   J I C O N C )  

C 
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 1 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
C, 
C T H I S   S U B R O U T I N E   C A L C U L A T E S   D I F F U S I O N   E X P O N E N T I A L S  
C 
C J - I N D E X   I N   T H E   A L T  A R R A Y  OF  THE TOP  OF  THE  LRYER 

C 
c * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
C 
c 
C C O M M O N  BLOCK 
C 

c: CONC - C O N C E N T R B T I O N  TO BE  TESTED 

C O l l M O N  A L T ( 3 1 l , ~ L 1 , C O N H A X , C O ~ C P K ~ D E G R A D ~ A D I R ~ D O S P K ~ E l ~ C L D H T ~  
I D I R ( 3 1  ) I  I O P T ( 3 ) )  I T I ~ E I I D A Y ~ ~ O N T H ( ~ ) , I Y E A R ~ I S T I ~ ~  I S D A Y ,  
I S l l O N ( 2 ) ,  I S Y E A R ~ I V 2 ~ J T O P ~ L A U N T D ( l O ~ , L T I t l E ~ L T I M ~ L D A Y ~  
L M O N ( 2 ) , L Y E A R , L U ~ N U ~ ~ P I ~ P I O V R 2 , P 1 4 3 ~ P R E S S ~ 3 1  ) , P T E H P ( 3 1  ), 
Q l ~ R A D D E G ~ R A T O H C ~ C L D R A D ~ R Z ~ R 3 ~ S ~ ~ E A ~ 3 O ~ , S R V E R ~ 3 O ~ ~ S ~ G A ~  
S I G X O ~ S I G X , S P E E D ( ~ ~ ) , S Q R ~ P I ~ S U R D E ~ , S I G Z ~ , S I G A P , S ~ I T E M P ~ ~ ~ ~ ~  
T O P S U R ~ T Y O P I ~ A S P D ~ V P L R ~ ~ ~ ~ ~ C R T I M E ~ ~ ~ ~ ~ D I S T ~ Y E S ~ Y ~ ~ N U H R U N J '  
YPOSI I F L G ~ ( ~ ) J Z B I Z Z I R E F L E C ,   I R E T R N  

LOGICAL L T I H E  
I N T E G E R  YES 
E Q U I V A L E N C E  ( Q C l r Y P A R ( l ) ) r ( Q C 2 , V P A R ( 2 ) ) , ( Q C 3 , V P A R ( 3 ) ) ,  

< Q T l , V P A R ( Q ) ) , ( Q T 2 , V P ~ R ( S ) ) , ( Q T 3 , ~ P A R ( 6 ) ) ,  
( A L J Y P A R C ~ ) ) , C B B I V P L R ~ ) ~ ( C C , Y P A R ( ~ ) ) ,  
( H E A T N , V P A R ( l O ) ) , ( H E A T n , V P A R ( l l ) ) , ( H E A T A , V P A R ~ l Z ) ) ,  
( P H C L , Y P A R ( l J ) ) , ( P C O , V P A R ~ l 4 ) ) , ( P C 0 2 , V P A R ( l 5 ) ) ,  
C P A L ~ O ~ , Y P A R ( ~ ~ ) ) , ( P N O ~ V P A R ( ~ ~ ~ ) J ( G A M M ~ X , V P ~ R ( ~ ~ ~ )  

I ,  

C 
C C L L C U L A T E  SIGHFl 2 
C 
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S I G Z  - PIST * S I C A P  + S I G Z O / l . 2 8  
R3 = 2 . 0  * S I C 2  * S I G Z '  . ,  , I . .  . . ,  

C 
C 
C 

C d L C U L A T E   T H E   E X P O N E N T I A L  SUH I H  T H E   D I F F U S I O N   E Q U A T I O N  

TWO1 - 2 . 0  
Z T  = I I L T C J )  
T E l l P 2  = C L D H T  - Z Z  
T E H P 3   C L D H T  - 2 . 0  * ZB + 22  
E l  E X P (  - TEHPP * T E I I P P / R 3 )  + 

EXPC - T E H P 3  * T E H P 3 / R 3 )  
4 T E H P l  = T U 0 1  * ( Z T  - Z B )  

T E X P S H  = E l  
TEXP = ( T E H P I  - T E H P 2 ) * * 2 / R 3  
' I F < T ' E X P  . L E .  l 2 O . O ) E . l   = - . E l  + EXP.( - T E X P )  
TEXP = ( T E H P l  + T E H P 2 ) * * 2 / R 3  
I F t T E X P  . L E .  1 2 0 . O ) E l   = ' E l  + EX.C'(  - T E X P )  

I F t T E X P   . L E .   1 2 O . O ) E l  = E l  + E X P (  - T E X P )  

I F C T E X P  .LE. i . 2 0 . O ) E l  = E l  + E X P (  - T E X P )  
I F ( E I  . E Q .  T E X P S t i ) G O  T O  7 
T U 0 1  = T U 0 1  + 2 . 0  
G O  TO 4 

. : . . 5  . 

TEXP = C T E H P l  - T E H P 3 1 * * 2 . / R ' 3  ;.. ! 

' 'TEXP 3 < T E H P l  + T E H P 3  ) * *2 /R3  . . .  

7 E l  - R E F L E C  * E l  
c " " 

c ' C h L C U L L T E  S I C H A  Y. 
C '  ' 

. .  
. I  

. ,  
. ,  

, .  

. .  

. S 8  = D I S T  * SICCIP + S I G X O  . .  

. .  
4 '  I ' , R 2 ' A  S Q R T ( S 8  * S 8  + ( 0 . 0 0 4 0 5 8 9  * F L O A T ( I D I R ( J ) , . -   i D I R ( 1 ) )  * 

D I S T  )**2:) . 
C 
C C I L C U L A T E   C L O U D   L E N G T H  
C 

T E H P l  = SPEED< J )  - SPEED(  1.) . . '. . .  
A L l  = 0 . 2 8  * T E H P l  * DISTYClSPD 
I F ( T E H P 1   . G E .  0 . 0  ) G O  TO 1.3: 

B L 1  = f i B S ( A L 1 )  
C 
c CCILCULCITE  SIGHCI X 
C 

C 
C I F  CO.NC=lOOO.O, DO NOT  CALCULCITE  CROSS WIND D I S T A N C E  B U T  RETURN 
c T O  T H E   C A L L I N G   P R O C R A R  
c 

. .  

IF(PTEHP(J)-PTENPCI) .GT. . .  O.O)ALI = . . o . o  .. . 

11 S I C X  = S Q R T ( ( A L 1 / 4 . 3 ) * * 2  + S I G X O  * S I G X O )  

I F < C O N C   . E Q .   1 0 0 0 . O ) R E T U R N  

C C A L C U L L T E   C R O S S   U I N D   D I S T A N C E  
L , .  
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C 
c I N P U T   F O R H I T   S T I T E H E H T  
C 

100 FORHAT < 1 2 1 1 X I l )  
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.C 
C 
C 

C 
C 
C 

C 
C 
C 

7 

C 
C 
C 

C 
C 
C 

T.YPE A H 0   D I H E W S I O W   S T I T E H E N T S  

L O G I C A L  W O T l S T  . 
I N T E G E R  S C H I R  
DIHEWSIOH I X < 8 ) ,  I Y ( 8 )  

D A T A   S T I T E H E N T S  

D A T C I   W O T l S T / . F I L S E . / ,   S C H A R / l H S /  
D A T A  ' I X / 8 ? 3 0 ~ 4 1 0 0 ~ 5 4 1 1 ~ 4 8 2 5 ~ 8 ? 5 0 ~ 4 1 0 0 ~ ~ 5 4 5 0 ~ 4 8 3 0 / ~  

1 V / 8 6 0 0 ~ 7 3 0 0 ~ 8 2 4 3 ~ 8 0 5 0 , 2 9 9 0 ~ . 1 7 0 0 ~ 2 6 3 0 ~ 2 4 6 5 /  

I S   T H I S   T H E   F I R S T   T I M E   T H R O U G H   T H I S   S U B R O U T I N E ?  --  
I F  N O T ,   I T .  I S  MOT N E C E S S A R Y   T O   C A L C U L A T E   T H E   I N D E X  OF THE 
C O O R D I N A T E S ,  I ,  P C P I N  

I F < N O T l S T ) C O   T O  7 

T H I S   I S   T H E   F I R S T   T I M E   T H R O U G H  -- READ I N   T H E   C O M P L E X   N U H B E R  
A N D   T H E   D E S I R E D   H A P ,  i . e .  SEA OR L A N D  

W O T l S T  = . T R U E .  
Y R I T E   ( L U 1 2 0 0 )  
R E A D   ( L U ,  1 0 0 )  I I J  

C A L U C L L T E  I CIS T H E   I M D E X  OF T H E   C O O R D I N A T E S  F O R  T H E   C O H P L E X  
AND nap R S K E D  F O R  -- DEFLULT IS C O M P L E X  17,  L A M D  H A P  

K = O  
I F ( J  . E Q .   S C H A R I K  = 4 
J 3 1 - 3 7  
I F ( J . L T . 2   . O R .   J . G T . 4 ) J  = 1 
I = J + K  

S E T   T H E   C O O R D I N A T E S   B A S E D  O M  T H E   I N D E X  I 

1 x 0  = I X ( 1 )  
I Y O  = IY<I) 

R E T U R H  TO T H E   C I L L I N G  P R O G R A M  

R E T U R N  

END OF O R C I N  

E N D .  
S U B R O U T I N E  SYMBL( I Y I D E ,   I H I ,  I S Y H B )  
I X=-  I Y  I D E / 2  
I Y = - I H I / 2  

R- 4 0  



Y R I T E (  1 2 )  - 1 1 - 1 r I X r  I Y  
Y R I T E C  121  100 > , I Y f D E 1 0 r 0 r   I H I I   I S Y H B  

1 Y ” I Y  
Y R I f E ( 1 2 ) - 1 r - l r I X 1 1 Y  
RETURN 
END 

100 F ORHhTC 4154 h 1 1  SH-) 
’ 1~ 

.. . , 

S U B R O U T I N E   B P Z C I f i , I B )  ‘ 1  

I 8  I L N D ( I L r l 7 f 4 0 0 B )  
IFCIB .EL O ~ O O O O B ) I ~  = O ; ~ ~ O . O O B  . .  

I C  I A N b ( I A 1 0 0 0 3 7 7 8 ~  
. .  , . .  . .  

I F < I C  . E Q .  0 0 0 0 4 0 8 ) I C  = 6 0 0 6 6 0 8  

RETURN 
END 

I B  = I O R C I B r  I C )  
. .  

PROCRAH  CETTDJ 5 
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C 

C 
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ~ * * * * * * * * * * * * * * * * * *  

C T H I S  SEGHE.HT  RETURNS  THE  CURREHT  TIHEJ DLY, HONTH, AND YELR 

C 
C T Y P E   L N D   D I H E N S I O H   S T A T E H E H T S  
C 

I N T E G E R   D f i Y H O N ( 1 2 )  
D I H E N S I O N   H O N T H S ( ~ , ~ ~ ) J I T ( S )  

C 
C D I ITC\   STLTEHENTS 

A - 4 1  



C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

D A T A   H O H T H S / 2 H J l r   I H W , 2 H F E ,  ~ H ~ , ~ H H ~ J I H R , ~ H ~ P , - ~ H R , .  
2 H H l a   ~ H Y I ~ H J U I   ~ H N I ~ H J U I I H L , ~ H A U I   1 H G I  
P H s € ,   l H P 1 2 H O C a   I H T , P H N O , I H V , P H D E I   l H C /  

D A T A  D I Y H O H / 3 1 , 2 8 1 3 1 , 3 ~ , 3 1 , ’ 3 0 ~ 3 1 1 3 1 1 3 ~ ~ 3 1 , 3 ~ , 3 1 ~  

C A L L   E K E C   T O   R E T U R N ’ C U R R E N T   T I H E ,   J U L I f i N  DCIY, AND YECIR 

CALL E X E C ( l I , I T , I Y E A R )  

U S E   J U S T   H O U R S   A N D   H I N U T E S   F O R   T H E   T I H E  

1 T I H E . z  100 * I T ( 4 )  + I T ( 3 )  

H A K E   R P P R O P R I A T E   A D J U S T H E N T S  I F  T H I S   I S  A L E A P   Y E A R  

DAYHONC 2 )  = 28 
I = I Y E A R I 4  
I F ( 4 * 1   . E Q .   I Y E A R ) D l Y H O N ( 2 )  = 2 9  

C O N V E R T   T H E   J U L I A N   D 6 Y   I N T O  A HONTH  AND A DRY 

I D A Y  = I T ( 5 )  
DO 7 I = 1 1 1 2  
r e A y  = IDAY - DAYHON<I) 
I F C I D I I Y   . L E .  0 ) G O  TO 1 2  

12 I D A Y  = I D A Y  + D A Y H O N ( 1 )  
7 C O N T I N U E  

HONTH(  1 ) = HONTHSC 1 ,  I ) 
t!ONTH( 2 > = H O H T H S ( 2  J I ) 

C 
C R E T U R N  T O  THE APPROPRIATE P L A C E  IN H O D ~ A  
C 

G O  T O   I R E T R N  
17 CALL HOD3CI 

C 
C END OF C E T T D  
C 

E N D  
P R O G R A H   C L D R I ,  5 

C 
c * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
C 
C C L O U D   R I S E   P R O G R A H  -- A SEGHENT O F  THE  HOD3A  PROGRAH 
C 
c * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
C 
C 

C 
C COHHON  -BLOCK 
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C 
C O U T P U T   F O R H A T   S T A T E H E N T S  
C 

200 F O R H A T   ( " 1 ' 2 7 X ' E X H A U S T  C L O U D m / ' O L E V E L ' 4 X ' A L T I T U D E ' 1 7 X  
" R I S E  T I H E " 5 X " R A N G E ' 6 X " D I R E C T I O N ' / l O X ~ ~ N E T E R S ) ~ l 7 X  
" ( S E C O N D S  ) ' 4 X " ( t l E T E R S ) " Q X ' ( D E G R E E S  ) ' )  

2 0 1  F O R H A T  ~ ~ X I ~ ~ ~ X F ~ . ~ J ~ X ' A D I I B A T I C . ~ X F ~ . ~ , ~ X F ~ . ~ ~ ~ X ~ ~ . ~ ~ ~ X F S . ~ ~  
2 0 2  F O R H R T  ( 2 X I J ~ 5 X F 7 . l r 6 X ' S T A B L E " f X F 6 . 1 ~ 6 X F 7 . 1 ~ 7 X F 5 . 1 )  
2 0 3  F O R N A T   ( / / ' O * * * * C L O U D   S T A B L I Z B T I O N * * * * ' /  

' 6 X ' H E I C H T ( H  ) :  " F 6 .  I /  
6 X ' S T A B I L I Z A T I O N   T I H E   A F T E R   L I U N C H C S E C ) :  ' F 5 . 1 /  
C X ' R A N G E   F R O H   P A D (  H ) :  " F 7 .  I1 
6 X " D I R E C T I O N  F R O H  P A D C D E C ) :  " F 5 . 1 )  

2 0 4  F O R M A T  ( / / " E S T I M A T E D  T O P  O F  S U R F A C E   L A Y E R ( # ) :  " F 6 . 1 )  
205 F O R M A T  ( " E L d B D E S I R E D   T O P  OF S U R F A C E   L A Y E R C H I :   E & d J , " )  
206 F O R H A T  ( / / " O * * * * T O P  OF S U R F A C E   L A Y E R   P I E T E O R O L O C X C A L   P A R A M E T E R S '  

u * * * * y /  

6 X " H E I C H T ( H  >:  ' F 6 .  1/ 
6 X " Y I N D   D I R E C T I O N < D E C ) :  ' I 3 /  
6 X ' U I N D   S P E E D (   H / S E C  ): "F4.1) 

6 X ' H E A N   S P E E D ( H / S E C ) :   " F 4 . 1 1  
6 X ' N E A N   T R A N S P O R T   D I R E C T   I O N (   D E C  ) :  'FS. 1 > 

207 F O R H A T   ( / / ' O * * * * D I F F U S I O N   P A R A H E T E R S * * * * " /  

2 0 8  F O R H A T  ( / / ' E h d B S I C H I  OF Y I N D   A Z I n U T H   A N G L E ,   S I C I :  E L d J " )  
209 F O R M A T  ( / / ' o s I c n A  O F  YIND A Z I ~ U T H  A H C L E I  SICA: ' ~ 4 . 1 )  
2 1 0  F O R H k T   ( / / " O E F F E C T I V E   C L O U D   H E I C H T ( M ) :  " F 6 . 1 )  

C 
C T Y P E   A N D   D I M E N S I O N   S T C l T E H E N T S  
C 

I N T E G E R   C O H C C 3 )  
D I H E N S I O N   I A S ( 3 1 )  

C 
L: D A T A   S T A T E H E N T  

A - 4 3  



C 

C 
C I N I T I A ' L I Z E   S O H E   L O C A L   V A R I A B L E S  
C 
C C R T I I S E C  1 - C L O U D   R I S E   T I M E  
C I A S C  1 - 0 = A D I A B A T I C  
C 1 = S T A B L E  
C A L T I N C  - A L T I T U D E   I N C R E H E H T  
C I T E R A T  - I T E R A T I O N   C O U N T E R  
C 

D A T A   C O N C / ~ H C O J ~ H N C J ~ H  ' 

RNGY = 0 . 0  
RNGX = 0 . 0  
C R T I t i E ( 1 )  = 0 . 0  
A L T I N C  = 0 . 0  
S A V E R (  1 = 0 . O  
S A V E A (  1 ) = 0 .0 
I T E R A T  = 0 

C 
C M R I T E   O U T   T H E   E X H f 4 U S T   C L O U D   H E A D E R  
C 

C 
C C A L C U L A T E   S O H E   Q U A N T I T I E S  TO B E   U S E D  I N   S U B S E Q U E N T  DO LOOP 
C 

A L P H A C  = 5.1291308CE-2 * ( T E # P (  1 )  + 2 7 3 . 1 5 ) . *  S U R D E N  * 
GT = Y . B / ( T E P l P ( l )  t 2 7 3 . 1 5 )  

U R I T E  ( 6 1  2 0 0  1 

G A H # A X * * 3 / ( H E A T H  * B C 1 )  

C 

C 

r, 

C 0.0 L,UOP TO, C A L C U L A T E  EXHCIUST C L O U D  P A R A f l E T E R S  

D o  9 I = ~ J N U #  

I141 = I - 1 
I A S ( 1 )  = 1 

C 
C C A L C U L A T E   S L O P E  QF P O T E N T I A L   T E R P E R B T U R E ,   S P E E D ,   A N D  
C D I R E C T I O N   I N   L A Y E R  
C 

D A L T  = A L T (  1 )  - A L T ( I # l )  
G P T E M P  = ( P T E # P (  I ) - PTEMPC I N 1  1 ) / D A L T  
G S P E E D  = < S P E E D (  I > - S P E E D (   I N 1  1 ) / D A L T  
G D I R  = F L O A T (   I D I R C  I > - I D I R (  I l l 1  ) ) / D A L T  

C 
C C A L C U L A T E   N E T E O R O L O G I C A L   A H D   E N E R G Y   F C I C T O R  
C 

2 Z = A L T C I  1 - A L T (  1 )  - A L T I N C  
A L P H A  = A L P H A C  * Z * + 4 / ( A A  * Z * * B B  + C C )  

C 
C C A L C U L A T E   P O T E N T I A L   T E H P E R A T U R E   F h C T O R  

A -  4 4  



C 
S T A B  = G T  * ( P T E H P C I )  - A L T I H C  * C P T E H P  - P T E H P ( l ) ) /  

(GILT( I )  - A L T I H C  - A L T (  1 ) + 1 . O E - 7 )  
C 
C C A L C U L A T I O N   F O R   A D I A B R T I C   R I S E  
C 

I F C S T A B   . C T .  0 . 0 0 0 0 0 1  ) G O  T.0 4 
C R T I H E (  I) - S Q R T C   A L P H A )  
I A S C I )  = 0 
G O  TO 6 

C 

C 
C C 2  - A R C U H E N T   O F   A R C   C O S I N E   ( P I U S T   B E   L E S S   T H A N  - 1 )  
C 

C C A L C U L A T I O N  F O R  S T A B L E  C L O U D  RISE 

4 C 2  = 1 . 0  - 0 . 5  * A L P H A  * S T A B  
I F ( C 2   . L T .  -1.O)GO TO 5 
C 3  C P / S Q R T ( I . O  - C 2  * C 2 )  
C R T I f l E ( I + I T E R A T )  = I P I O V R 2  - A T A N ( C J ) ) / S Q R T < S T A B )  
I F C I T E R f i T  . E Q .  1 ) C O  T O  1 1  
G O  T O  6 

C 
C I T E R A T E   I N   L A Y E R  
C 

5 A L T I N C  = A L T I N C  + 5 . 0  
I T E R A T  = 1 
G O  T O  2 

C 

C 
c C A L C U L A T E   R A N G E   A N D   D I R E C T I O N  

4 D E L R N C  = - 0 . 5  * ( S P E E D (  It41 ) + S P E E D (  1 ) )  * 
( C R T I H E C  I M l )  - C R T I f l E (  1 ) )  

D E L O I R  = 0 . 0 0 8 7 2 6 6 5  * F L O A T ( I D I R (  1 )  + I D I R ( l I i 1  ) )  
R H C Y  = R N C Y  - D E L R N C  * S I N C D E L D I R )  
R N C X  = R N C X  - D E L R N C  * C O S ( D E L D I R 1  

I F ( A 2 H U T H   . L T .   0 . O ) A Z H U T H  = A Z H U T H  + 3 6 0 . 0  
D E L R N G  = S Q R T C R N C Y  * R H G Y  + R N C X  * R N C X )  
S&.VER(  I > = O E L R N C  
S f i Y E A (  I > = L Z H U T H  

A Z H U T H  = R A D D E G  * A T A N P ( R N G Y , R N G X )  

C 

C B A S E D  OF U H E T H E R  OR N O T   C L O U D  I S   A D I A B A T I C  O R   S T A B L E  
C 

C Y R I T E   O U T   T H E   V A R I A B L E S   Y I T H   T H E   A P P R O P R I A T E  FORHAT S T A T E H E N T  

I F ( I A S ( 1 )  . N E .  0 ) C O  T O  8 

G O  T O ,  9 

9 C O N T I N U E  

Y R I T E  ( 6 , 2 0 1 )  I , A L T ( I ) , C R T I H E ( I ) , D E L R N G ~ A Z H U T H  

8 Y R I T E  ( 6 , 2 0 2 )  I , A L T < I ) , C R T I H E ( I ) , D E L R N G , A Z I l U T H  

C 

CI- 4 5  



C C A L C U L A T E   A N D   W R I T E  O U T  S T A B I ' L I Z n T I O N   H E I G H T   A N D   T I H E  
C 

11 D E L R N C  = 0 . 5  * < S P E E D ( I H l )  - A L T I M C  * C S P E E D  + S P E E D C I ) )  * 
( C R T I H E (  I + 1 )  - C R T I H E t  I n 1  .)) 

D A L T  = 0 . 0 0 8 7 2 6 6 5  * ( F L O . A T ( I D I R ( I )  + I D I R ( I H 1 ) )  - G D I R  * A L T I H C )  
R N G Y  = R N G Y  - D E L R N C  * S I N (   D L L T  1 
R N G X   R N C X  - D E L R N C  * C O S ( D L L T )  

l F ( A 2 U U T H   . L T .   Q . O l A Z H U T H  = A Z H U T H  + 3 6 0 . 0  
D E L R H G  = ,  S Q R T !   R N G Y  * R N G Y  + R N G X  * R N C X )  
A L T ( 3 1  1 = L L T (  I) - A L T I N C  

A Z H U T H  = R I D D E C  * A T A N 2 ( R N C Y , R N G X )  

Y R I T E  (6,203) A L T ( 3 1 2 , C R T I R E ( I + l ) r D E ~ ~ M G , E l Z H U T H  
C 
C S T O R E   T H E   I N D E X  OF T H E   E S T I R A T E D  TOP O F  T H E  S U R F L C E   L A Y E R  
C 

C 
c L O A D   T H E   C L O U D   R I S E   T I H E   A R R A Y  
C 

J T O P  = I t 1 

C R T I H E ( 3 I )  = C R T I H E ( J T 0 P )  
D O  1 5  J = I , N U P l  

15 C R T I M E (  1 )  = C R T I H E ( 3 1  > 
C 
C IS T H I S  El R E S E A R C H  OR A P R O D U C T I O N   R U N ?  
C '  

C 
C P R O D U C T I O N   R U N  - -  I F  T O P S U R  IS U H D E F I N E O ,  U S E  J T O P  QS E S T I H A T E D  
C 

C 
C C A L C U L A T E   J T O P   B C I S E D   O N   V l L U E  OF T O P S U R  
C 

I F ( I O P T ( 2 )  . N E .  0 ) G O  T O  22  

17 I F C T O P S U R   . L E .  0 . O ) G O  TO 2 4  

L E A S T D  = 9 9 9 9 9 9 9 . 9  

D I F F  = C ) B S t A L T <  I > - T O P S U R )  
I F ( D 1 F F   . C T .   L E A S T D ) G O   T O  1 9  
L E A S T D  = D I F F  
J T O P  = I 

19 C O N T I N U E  
GO T O   2 4  

D O  1 9  1 - 1 , N U I l  

C 
C W R I T E   O U T   T H E   E S T I H A T E D   T O P  OF S U R F A C E   L A Y E R  - -  REClD I N  
& T H E  O N E  T O  BE U S E D  -- C A L C U L A T E   J T O P  
C 

22 U R Z T E   ( L U ~ 2 0 4 )   A L T ( J T 0 P )  
U R I T E   ( L U , 2 0 5 2  
R E A D  ( L U , * )  T O P S U R  
GO  TO 17  

c -  
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C 
C 
C 

2 4  

C 
C 
c 

2 7  

28 

SIRITE O U T  THE . T O P  O F  T H E  S U R F A C E  L A Y E R  A N D  UIND DIREC'TION 
Q H D  S P E E D   Q T   T H E   T O P  

T O P S U R  = A L T C J T O P )  
CIR;ITE ( 6 , 2 0 6 )  T O P S U R ~ I D I R ( J T O P ) ~ S P E E O < J T O ' F )  

C A L C U L A T E   S O U R C E   S T R E N G T H  . 

Q1 = 1 . 2 8 9 E 9  * ( T E t i P (  1 ) +. 2 . j ' 3 - . . 1 5 ) / P R E S S ( ' l )  * , T O P S U R * * O , : 4 8 3 7  

C A L C U L B T E  A N D  WRITE O U T  THE. I~EAN,MIN'D SPEED,  A S P P ,  A H O  
D I R E C T I O N ,   A D I R  

D O  28 I . = 2 , . J T O P .  
I F ( I A B S ( I D I R I 1 )  - I D I R C I  - 1 ) )  . L T .  180)GO T O  28' 
D O  2 7  J = 1  , J T O P  
I F C I D I R ( J )   . L T .   1 8 0 ) I D I R ( J )  = I D I R < J )  + 3 6 0  
G O  T O  3 1  
C O N T I H U E  

i: 
31  A S P D  = 0 . 0  

A D I R  = 0 . 0  
D O  3 2  I = 2 , J T O P  
I N 1  = I - 1 
D k L T  = A L T (  1 )  - A L T ( I f l 1 )  
A S P D  = A S P D  + 0 . 5  * ( S P E E D (  I )  + S P E E D (  I n 1  5 )  * D A L T ,  

32  A D I R  = A D I R  + 0 . 5  * F L O A T (  I D I R ( 1 )  + I D I R ( I M 1  ) )  * D A L T  
C 

DO 3 4  I = l > J T O P  
3 4  I F ( I D I R ( 1 )   . G T .  3 6 0 ) I O I R ( I )  = I D I R ( 1 )  - 3 6 0  

C 
D A L T  = A L T (   J T O P )  - A L T ( 1 )  
A S P D  = A S P D i D Q L T  
A D I R  = A D I R i D A L T  
I F ( A D 1 R   . C T .  1 8 0 . O ) G O  T O  3 5  
A D I R  = A D I R  + 1 8 0 . 0  
G O  T O  3 6  

3 5  A D I R  = A D I R  - 1 8 0 . 0  
C 

C 
C I S   T H I S  A R E S E A R C H  OR A P R O D U C T I O N   R U N ?  
C 

C 

c 

36 U R I T E  < 6 , 2 0 7 )  A S P D ,  A D I R  

I F ( I O P T ( 2 )  . E Q .  0 ) G O   T O   4 5  . 

C R E S E ' A R C H  R U N  - -  R E A D  IN SIGA 

bJR I T E   ( L U  I 2 0 8 )  
R E A D   ( L U , * )   S I G A  

C 

A -  4 7  



C U R I T E   O U T   S I G A ,   T H E   S I G H 6  O F  T H E   W I N D   A Z I t l U T H   A N G L E  
C 

C 

C 
C C A L C I J L R T E   T H E   H O R I Z O H T R L   A N D   V E R T I C A L   C L O U D   D I M E N S I O N S , '  
C i . e .  S I G X O  A N D   G S P E E D  

4 5  U R I T E  ( 4 , 2 0 9 )  S I G A  

S I G A P  = 0 . 0 0 8 7 2 6 6  * S I G A  

S I G X O  = 0 . 2 3 7 6 7 4  * A L T C 3 1 )  
G S P E E D  = 0 . 2 3 2 5 5 8  * A L T (  3 1  ) 

C 
C C A L C U L A T E   G N D   M R I T E  O U T  T H E   E F F E C T I V E   C L O U D   H E I G H T ,   C L D H T  
c 

C L D H T  = A L T ( 3 1 )  

I V 2  = 0 
I F < C L D R A D + A L T (  3 1  1 . C E .  R L T (  J T O P  > ) I V 2  = 1 
S I G Z O  = S I C % 0  
I F C I V 2   . E Q .   I I S I G Z O  = C A L T C J T O P )  - k L T ( 3 1 )  -t C L D R A D ) / 4 . 3  
I F < S I G Z O   . G T .  0 . 6 ) G O  T O  4 7  
C L D H T  = 0 . 5  * A L T C  J T O P  > 
S I G Z O  = 0 . 6 4  * C L D H T l 2 . 1 5  
G O  T O  4 9  

C L D R a D  = 2 . 1 5  * S I G X O  

4 7  I F ( I V 2  . E a .  1 ) C L D H T  = 0 . 5  * I A L T C J T O P )  -t A L T ( 3 1 )  - C L D R A D )  
C 

C 
C c a L L  T H E  S E G M E N T  C O N C  
c 

C 
C E N D  OF C L D R I  
C 

4 3  I d R I T E  ( 6 ,  210) C L D H T  

c a L L  E X E C C ~ ~ ~  C O N C )  

E N D 
P R O G R A M  C O N C I S  

C 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

c 
C C O N C E N T R A T I O N   A N D   D O S A G E   P R O G R U I S  - -  A S E G M E N T  OF T H E  
C M O D 3 A  P R O G R A M  
c 
C * * * * * ~ * * + t * * * * * * * * * ~ * * * * * ~ * * * ~ * * * * * * ~ ~ * ~ * * * * * * * ~ * * * * ~ * ~ ~ * * * ~ * * * * * * * * * * *  

C 
C 
c C O H M O N  B L O C K  
C 

COMMON A L T ~ 3 l > ~ A L I ~ C O N ~ A X ~ C O N C P K ~ D E G R A D ~ ~ D I R ~ D O S P K ~ E ~ ~ C L ~ H l ~  
I D I R ~ 3 1 ~ ~ I O P T ~ 3 ~ ~ I T I M E ~ I D ~ Y ~ R ~ ~ T H ~ 2 ~ ~ I ~ E ~ R ~ I S T I ~ ~ I S ~ ~ Y ~  
I S I 4 O N ( 2 ) /   I S Y E A R , I Y 2 ,   J T O P , L A U N T D (   I O ) , L T I H E , L T I N / L D A Y ,  

k -  48 



C 
C 
C 

C 
C 
C 

I N P U T   F O R M A T   S T A T E M E N T  

O U T P U T   F O R H A T   S T A T E N E N T S  

201 F O R H A T   ( / / ' t b d B C E N T E R L I N E   C O N C E N T R A T I O N   P L O T   D E S I R E D ?  'I 

202 FORMAT ( S X ' N O ' ' )  
203 F , O R M A T   ( S X ' Y E S ' )  
2 0 4  F O R M A T   ( ' I ' I Z X ' C L O U D   C O N C E N T R A T I O N S   A N D   D O S A G E S " /  

' ( E b d F Y E b d B E S  O R  E & d F N E & d B O ) :  EhdJ,") 

' O D I S T A N C E ' 4 X " C O N C E N T R A T I 0 N " 5 X n D O S A G E ' ' 6 X  
" T I H E   A F T E R   L A U N C H ( S E C ) " /  
' ( M E T E R S ) ' 8 X " ( P P # > ' 8 X n ( P P ~  S E C > " 8 X n S T A R T " 3 X " F I N I S H " )  

205  F O R M A T  ( l X F 7 . 1 , 8 X F 7 . 3 ~ 8 X F 7 . 3 ~ 9 X F 5 . 1 )  
206 F O R M A T   ( / / ' O * * * * P O I N T   O F   r l A X I N U t I   C O N C E N T R A T I O H * * * * " /  

6 X " R A N C E   F R O H  P A ' D ( f l ) :  " F 8 . 1 /  
6 X ' D I R E C T I O N ( D E G ) :   " F 5 . 1 /  
6 X ' H E I G H T ( M ) :  2.0'/ 
6 X ' M A X I M U M   C O N C E N T R A T   I O N (   P P H  ) : " F 6 . 3  ) 

" C E b d F Y E b d B E S  OR E h d F N f g d B O ) :  ELdJ,") 

' U N C E R T A I N T I E S * * * * " )  

" ( 0  R A N G E   T E R H I N A T E S   P R O C E D U R E ) :   E & d J , " )  

6 X ' A Z I # U T H (   D E G  ) :  " F 5 . 1 1  
6 X ' ~ A T E R I A L " 5 X " C O N C E N T R ~ T I O N ~ P P ~ ~ ~ ~ l X ~ ' D O S ~ G E ~ P P ~ ~ n ~  

2 0 7  F O R M A T   ( / / ' E l d B O F F - C E N T E R   C O N C E N T R R T I O N S   D E S I R E D ?  'I 

208 F O R M A T   ( / / " O * * * * C O N C E N T R A T I O N S   A N D   D O S A G E S   W I T H  1 0  D E C R E E  ' 

209  F O R M A T   ( / ' C b d B R A N C E ( M ) ,   A Z I N U T H C D E G )  ' 

210 F O R M A T   ( ' O ' 5 X n R A N G E ( M ) :   " F 7 . 1 1  

2 1 1  FORMAT ( 4 1 5 , 1 2 )  
2 1 2  F O R M A T   ( 7 X J A 2 , 6 X F 8 . 3 & + / -   " F 8 . 3 1 4 X F 8 . 3 "  + / -  "F8.3) 
213 F O R H R T  ( / / " f & d B I S O P L E T H   P L O T  D E S I R E D ?  'I 

' < E b d F Y E & d B E S  O R  E L d F N E h d B O ) :  EhdJ,") 
C 
C T Y P E   A N D   D I H E N S I O N   S T A T E B E N T S  

A - 4 9  



C 
L O C I C I L   1 C R c ) F  
D I H E H S I O N  - F A C T ( ~ ) , C ~ H P L ( ~ ) I D ~ N P L ( ~ ) I ~ A T S ( ~ I ~ ) I  I S O P O ( 3 )  

C 

C 
C D A T I   S T I i E H E N T S  

D A T A  F A C T / O . O 1 - 0 . 1 7 4 5 3 3 1 0 . 1 ? 4 5 3 3 /  
D A T A   H I T S / 2 H   I P H H C I P H L  I ~ H   J 2 H   C I ~ H O  I 

2H 1 2 H C O ~ 2 H 2   1 2 H   a I 2 H L 2 I 2 H O 3 ~  
2 H   1 2 H   N I ~ H O  / 

D A T A   I S O P O t P H I S ,    HOPI 1 H O /  
C 
C I F  T H I S  IS A R E S E O R C H   R U N ,   D E T E R H I N E  I F  P L O T T I N G  IS D E S I R E D  
C 

C 
I F ( I O P T ( 2 )  . E Q .  0 ) G O  T O  55 

U R I T E   ( L U 1 2 0 1 )  
R E A D   . ( L U l  1 0 0 )  I 
I F ( 1  . E Q .  Y E S ) G O  TO 5 4  
I G R A F  = . F A L S E .  

GO  TO 55 
U R I T E   ( L U 1 2 0 2 )  

5 4  I G R A F  = . T R U E .  
U R I T E   ( L U 1 2 0 3 )  

C 
C DO LOOP F O R   C O N C E N T R R T I O N   A N D   D O S A G E   C A L C U L A T I O N S  
C 
C D I S T  - R C I N G E   F R O H   S T A B I L I Z A T I O N  
C D.OSPK - D O S A G E  
C D O S M A X  - M A X I t f U t f  D O S A G E  
C C O H C P K  - C O N C E N T R A T I O N  
C C O N H A X  - H A X I H U H   C O N C E N T R A T I O N  
C 

55  C O N I I A X  = 0 . 0  
V O S H A X  = 0 . 0  
h C T V O L  = P I 4 3  * C L D R A D  * C L D R A D  * C L D R f i D  
T O T V O L  = A C T V O L  
I F (  I Y 2   . E Q .   1 ) A C T V O L  = P I  * < A L T <   J T O P )  + C L D R R D  - A L T C 3 1  ) ) * * 2  * 

( 2 . 0  * C L D R A D  - A L T C J T O P )  + A L T ( 3 1 ) ) / 3 . 0  
QI = Q I  A C T V . O L / T O T V O L  

C 

C 

C 

C 

C 

Y R l T E  < 6 , 2 0 4  ) 

DO 5 9  1 = 0 , 2 0 0 0 0 , 2 5 0  

D I S T  = I 

c a L L  D F € X P (   J T O P I  1 0 0 0 . 0 )  

D O S P K  = Q i  * E I / ( T W O P I  * R2  * k S P D  * S Q R T ( O . 5  * R3)) 
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C O N C P K  = D O S P K  B S P D / ( S Q R 2 P I  S I C % )  

I F ( 1 C R A F ) C A L L   C P L O T  
C 

C 

C 
D O S H A X   A R A X l ( D 0 S P K ~ D O S H A ~ )  

I F ( C O N C P K . . L E .   C 0 N H A X ) C O   T O  5 8  
R A T O H C  = D I S T  
C O N R A X  = C O N C P K  
S C X H A X  = S I C X  
scYnAx = SICY 

C 

C 
5 8  I F < A H O D ( D I S T I ! O O ~ . O ~  . N E .  0 . O ) C O  T O  5 9  

A R C l  = C R T I H E ( 3 1 )  t ( D I S T  - A L 1   ) / R S P D  
A R C 2  = C R T I H E (  31 ) t ( D I S T  + c lL l  ) / A S P D  
U R I T E  < 6 , 2 0 5  ) D I S T ,   C O N C P K ,   D O S P K I   A R C l  I A R C 2  

C 

C 
C C A L C U L A T E   R N D   U R I T E   O U T   T H E   P O I N T  O F  I i R X I H U H  C O N C E N T R A T I O N  
C 

5 9  C O N T I N U E  

A R C 1  = D E C R A D  * A D I R  
D I S T  = R A T O H C  * C O S ( A R G 1 )  
Y 1  = R A T O H C  * S I N ( A R C 1 )  

C 
D O  6 2  I = 2 , J T O P  
I F ( C L D H T  . L E .  A L T ( I ) ) C O  TO 63 

6 2  C O N T I N U E  
I = J T O P  

C 
63 I n 1  = I - 1 

R C l N C S R  = S A Y E R C I H l )  + ( C L D H T  - A L T ( I H 1 ) )  * 
< S A Y E R < Z )  - S A Y E R < Z H l ) ) / < A L T < Z )  - F ( L T ( . I H l ) )  

A R C 1  =' S A Y E A ( 1  ) - S A Y E A <  I n 1  ) 
I F ( R B S ( A R G 1 )   . L T .  180.O)GO T O  66 
I F t A R C 1  . 6 T .  0 . O ) C O  T O  6 5  
S A V E A (  I) = S A V E & (  I )  t 3 6 0 . 0  
G O  T O  6 6  

6 5  S A Y E A (  Itll) = S A Y E R (   I H l )  t 3 6 0 . 0  

6 6  A Z C S  = S A V E A < I H l  > t ( C L D H T  - A L T (   I H l  1 )  * < S A Y E A <  I) - S A Y E A (  I n 1  J ) /  
c 

( A L T (  I 1 - A L T C  I n 1  ) )  
I F C c l Z C S   . G E .   3 6 6 . O ) A Z C S  = A Z C S  - 360.0 
A R C l  = O E C R A D  * A Z C S  
X 2  = R A N C S R  * C O S ( A R G 1  ) 
Y2 = R C l N C S R  * S I N C R R G i )  
X = D I S T  t X 2  

C 

A-51  



C 

C 
C 
C 
C 
C 

C 
c 
C 

C 
C 
c 

C 
C 
c 

C 

C 

C 

C 

c 
C 
C 

C 
C 
.-s 

Y = Y i  + Y2 

R N G E  = S Q R T C X  * X + Y * Y )  

I F C D I R   . L T .   4 . O ) D I R  = D I R  + 3 6 0 . 0  
D I R  = R R D D E G  * A T A N S ( Y , X )  

U R I T E  C 6 r 2 0 6 )  R H C E , D S R , C O N # A X  

I F  T H I S   I S  B P R O D U C T I O N   R U N ,   S K I P   T H E  OFF C E N T E R   C O N C E N T A f f O N  
S E C T I O N   A N D  T H E  C b L L   O F   S E G M E N T   I S O P O  - -  I F  P L O T T I N G  YLS N O T  
R E Q U E S T E D ,   J U S T   S K I P   T H E  OFF C E N T E R   C O N C E N T R A T I O N   S E C T I O N  

I F ( 1 G R A F ) G O   T O  68 
I F I I O P T ( 2 )  . E Q .  0 ) C O  T O  88  
GO  TO 8 1  

O F F   C E N T E R   C O N C E N T R A T I O N S   S E C T I O N  

6 8  C A L L   L A B E L (   J T O P )  

A R E  OFF C E N T E R   C O N C E N T R A T I O N S   D E S I R E D ?  

W R I T E   C L U 3 2 0 7 )  
R E A D  ( L U ,  1 0 0 )  I 
I F < I  . H E .   Y E S I G O  TO 7 8  

OFF C E N T E R   C O N C E H T R A T I O N S   f l R E   D E S I R E D  

W R I T E  C L U a 2 0 3 )  
U R I T E  < 6 1  2 0 8  > 

C R L L   O R G I N <   I X S E T ,   I Y S E T )  

A R G l  = 0 . 0  
IF(A0IR . C T .   i 8 0 . 0 ) A R G l  = 3 4 0 . 0  
B E T A F  = D E C R A D  * ( 1 8 0 . 0  t A R C 1  - F I D I R )  

A R G l  0 . 0  
I F C A Z C S   . C T .  180 .0)CIRGl  = 3 6 0 . 0  
B E T h S  = O E G R A D  * ( 1 8 0 . 0  + B R G l  - R Z C S )  
X P  = R A H C S R  * C O S ( 8 E T A S )  
YP = R A H G S R  * S I N ( B E T A S 1  

I T E R  = 0 

L O O P   O N   O F F   C E N T E R   C O N C E N T R A T I O N   R E Q U E S T S  

7 1  I T E R  = I T E R  t 1 

R E A D  I N  A N D   W R I T E   O U T   T H E   R A N G E   A H D   A Z I M U T H   F O R   T H E  
L r JFF C E N T E R   C O N C E N T R A T I O N   C A L C U L A T I O N  - -  E N T E R l N G  A REINGE O F  0 
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C T E R N I N A T E S   T H E   P R O C E D U R E  
C 

Y R I T E   ( L U 1 2 0 9 )  
R E A D   ( L U ,  * )  R P I A Z P  
I F ( R P  . L E .  0 . 0 ) G O  TO 8 1  
U R I T E  ( 6 1 2 1 0 )  R P I A Z P  

C 
A R G l  = 0 . 0  
I F t R Z P   . G T .  1 8 0 . 0 ) A R G l  = 3 6 0 . 0  

, I . .  . . .  , , _. , . . .  . 
~ , Y  :;j. . %  . .. . ' f i P  . = 'D 'EGRr \ r j  '* ( 1 8 0 . 0  t A R C 1  - A Z P )  

. i .  k g '  = pi! ,* ,COS( SIP 1 
.. , ., . .  . . 

' Y S  = Rip' * 'S I H ( A P )  
( 1  . 

C 

C N U M B E R   A T   T H E   L O C A T I O N   W H E R E   T H E  OFF C E N T E R   C O N C E N T R A T I O N  
C C A L C U L A T I O N   I S   D E S I R E D  
C 

C ON T H E   P L O T T E R ,   W R I T E   O U T  AN A S T E R I S K  FlND T H E   - 1 T E R h T I O t i  

r x  = IXSET t 0 . 2 6 5 1  * x s  
I Y  = I Y S E T  t 0 . 3 5 4 5  * Y S  
U R I T E  < 1 2 )  -1, 1, 1 x 1  I Y  
ChLL S Y N B L ( 1 0 0 , 1 2 5 ~ 1 H * )  
I X  = I X  t 75 
W R I T E  ( 1 2  ) -1, l r  1 x 1  IY 
U R I T E  ( 1 2 , 2 1 1 )  1 0 0 1 6 ~ 0 ~ 1 2 5 1 I T E R  

C 
C C A L C U L A T E   T H E   C O N C E N T R A T I O H S   A N D   D O S A G E S  A T  T H I S   P O I N T   P L U S  
C 10 D E C R E E S   U N C E R T f i I N T I E S  ON E I T H E R   S I D E  
C 

X H A T  = X S  - X P  
Y H A T  = YS - Y P  

C 
DO 7 4  I = 1 , 3  
A R G l  = BETF lF  - F A C T ( 1  > 
y = -  X H A T  * SIN( A R G 1  Z + Y H A T  * C O S ( R R G 1 )  
CALL D F E X P (   J T O P ,   1 0 0 0 . 0 )  
DOS = Q 1  * E l  * E X P ( -  Y * Y / ( 2 . 0  * R2 * R 2 ) ) /  

C O N C  = D O S  * A S P D / ( S Q R 2 P I  * S I G X )  
C M N P L ( 1 )  = CONC 

( T W O P I  * R2  * A S P D  * S Q R T C 0 . 5  * R3)) 

74 Q H N P L (  1 )  = 0 0 s  
C 
C C A L C U L A T E  FlND U R I T E   O U T   T H E   C O N C E N T R A T I O H  A N D  DOSAGE  FOR 
C E A C H   M A T E R I A L  
C 

D E L C  = A B S ( O . 5  * ( 2 . 0  *.  C I l N P L ( 1 )  - C D I N P L ( 2 )  - C M N P L ( 3 ) ) )  
D E L D  = A B S ( 0 . 5  * (2.6 * D M N P L ( 1 )  - D H N P L ( 2 )  - D N H P L ( 3 ) ) )  
Y R I T E  i 6 1 2 1 2 )  i ~ A T S ~ I 1 1 ) l I = 1 , 3 ~ r C ~ N P L ( 1  ) I D E L C I D H N P L i l ) r D E L O  

C 
- A R G l  = P C O I P H C L  

C O N C ' =  A R G l  * C H N P L C l  1 
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D L C  = A R G l  * D E L C  
D O S  = A R C 1  * D t l N P L (  1)  
D L D  = A R G l  * D E L D  
U R I T E  ( 6 , 2 1 2 )  (MATS(1,2),1=1,3),CONC,DLC,DOS,DLD 

c I 

A R G l  = P C 0 2 / P H C L  
CONC = A R G 1  * C H N P L ( 1  1 
D L C  = A R C 1  * D E L C  
D O S  = A R C 1  * D f l H P L (  1 )  
DLD = Q R G 1  * D E L D  
W R I T E  ( 6 , 2 1 2 )  ( n A T S ( I , 3 ) , 1 = 1 , 3 ) , C O N C , D L C I D O S I D L D  

c 
A R C 1  = P R L 2 0 3 / P H C L  * 0 . 4 3 8 8 2 4 2 0  * P R E S S < f ) /  

C O N C  = F I R C l  * C H N P L ( 1  ) 
D L C  = A R G l  * D E L C  
D O S  = U R G l  Y D f l N P L <  1 )  
D L D  = A R G l  * D E L D  
W R I T E  ( 6 , 2 1 2 )  (tIATS(I,4),1=1,3),CONC,DLC,DOS,DLb 

R R G l  = P N O / P H C L  

( T E M P (  1 )  + 2 7 3 .  1 6 )  

C 

CUNC = AR-Gl  * C H N P L ( 1  1 
D L C  = A R G l  * D E L C  . 

DOS = A R G l  * D # N P L (  1 )  
D L D  = A R G l  * D E L D  
U R I T E  ( 6 , 2 1 2 )  ( t I A T S ( I , S ) , I = 1 , 3 ) , C O N C , D L C , D O S , D L D  

C 
C . R E Q U E S T   A N O T H E R   P O I N T  F O R  AH O F F  C E N T E R   C O N C E H T R A T I O N  
C C A L C U L A T I O N  
c 

G O  TO 7.1 
C 

C 

C 
C I S  flt4 I S O P L E T H   P L O T   D E S I R E D ?  
C 

C O F F  C E N T E R  CONCENTRAIONS A R E  N O T  DESIRED 

78 b J R I T E   ( L U t 2 0 2 )  

81  W R I T E   ( L U , 2 1 3 )  
R E A D   ( L U ,  1 0 0 )  I 

C 
C IF A N  I S O P L E T H   P L O T  IS D E S I R E D ,   C A L L   T H E   S E G H E N T   I S O P O  
C 

I F (  I . N E .  Y E S ) G O  TO 8 7  
U R I T E   ( L U , 2 0 3 1  
CALL E X E C ( 8 ,   I S O P O )  

87 W R I T E   C L U , 2 0 2 )  
C 
C R E T U R N  T O  T H E  APPROPRI'ATE P L A C E  IN H O D J A  
C 
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88 G O  TO I R E T R N  
8 9  CALL HOD3A 

C 
C END OF CONC 
C 

E H D  
S U B R O U T I N E   C P L O T  

C 
C * * * * * * * . * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
C 
C T H I S   S U B R O U T I N E   P L O T S   T H E   C O N C E N T R A T I O N  AND  DOSAGE  CENTERLINE 
C 
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
C 
C 
C C O H H O N  BLOCK 
C 

CORHON A L T ~ 3 1 ~ , A L l ~ C O N ~ A X , C O M C P K ~ D E G R A D ~ A D I R ~ D O S P K ~ E l ~ C L ~ H T ~  
I D I R ~ 3 l ~ ~ I O P T ~ 3 ~ , I T I H E ~ I D A Y ~ H O N T H ~ 2 ) 1 I Y E ~ R ~ I S T I ~ ~ I S D b Y ~  
I S R O N ( 2 ) r  I S Y E A R a I Y 2 ,   J T O P , L I U N T D (   l O ) , L T I H E , L T I H , L D A Y ,  
L R O N ( 2 ) , L Y E A R ~ L U , N U H , P I ~ P X O V R 2 ~ P I 4 3 , P R E S S ~ 3 1  ) , P T E H P ( 3 1  1 ,  
Q ~ , R A D D E G , R R T O H C J C L D R A D J R ~ , R ~ , S A V E A ~ ~ O ~ , S A ~ E R ~ ~ O ~ , S I G A ,  
S I C X O , S I G X , S P E E D ( 3 1  ) , S Q R ~ P I , S U R D E N I S I G Z O I S I C A P I S B , T E I ~ P ( ~ ~ ) ,  
T O P S U R , T U O P I ~ A S P D ~ ~ P A R ~ l ~ ~ ~ C R T I H E ~ 3 l ~ ~ D I S T ~ Y E S ~ Y l ~ N U ~ R U N ~  
Y P O S ,  I F L G l ( 5  ) I  Z B ,  ZZ, R E F L E C ,   I R E T R N  

L O G I C A L  L T I H E  
I N T E G E R  YES 
E Q U I V A L E N C E  <QClrVP(\R(l)),(QC2,VPAR(2)),(QC3,YPbR(3)), 

( Q T l , Y P A R ( 4 ) ) r ( Q T 2 , t r P A R ( 5 ) ) , ( Q T 3 r V P A R ( 6 ) ) ,  
( A ~ , Y P A R ( ~ ) ) , ( B B , Y P A R ( ~ ) ) , ( C C J V P A R ( S ) ) I  
( H E A T N , V P A R ( l O ) ) , ( H E A T ~ , V P A R ( l l ) ) , ( H E A T A , V P A R ( l 2 ) ) ,  
< P H C L , V P A R ~ 1 3 ) ~ , ( P C O , ~ P b R C l 4 ) ~ ~ ~ P C O 2 ~ V P A R ~ l S ~ ~ ~  
C P A L 2 0 3 , Y P A R < l ~ ) ) , ( P N O , Y P A R ( l ? ) ) , ( G A f l ~ A ~ , V P A R ~ l 8 ) )  

C 
C 
C 

I E X P C = O  
I E X P D = I E X P C + P  
I X = D I S T * 9 2 9 5 . / 3 0 0 0 0 . + 7 2 5 .  
IYC=C0,NCPK*8231./10.**~1E%PC+1~+1040. 
IYD=DOSPK*8231./10.**~IEXPD+l~+1040. 
I F ( D I S T . N E . 0 . )  G O  TO 3 0  
Y R I T E ( l 2 )   - 1 , l , I X , I Y D  
CALL S Y H B L ~ l O O , 1 0 0 ~ 2 5 4 0 0 B ~  
Y R I T E ( l 2 )  -l,l,IX,IYC 

C 
C RETURN TO T H E   C A L L I N G   P R O G R b H  
C 

RETURN 
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30 U R I T E (  1 2 )  1 , l s I X ~   I Y C  
Y R I T E ( 1 2 )   - ~ , ~ J I X J I Y D  
C R L L  S Y H B L (  l O O , l O O 1 2 5 4 O O B )  
Y R I T E ( l 2 )   - l r l , X X , I Y C  

C 
C R E T U R N   T O   T H E   C A L L I N G   P R O G R U H  
C 

C 
C E N D  O F  C P L O T  
C 

R E T U R N  

E N D  
S U B R O U T I N E   L A B E L (  J 2  1 

c * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ~ * * * * * * * * * ~ * * ~ * * * * * * * ~ * * * * * * * * * ~  
C 
C T H I S   S U B R O U T I N E   L A B E L S   T H E   C O N C E N T R Q T I O N  AWD D O S A G E  C E N T E R L I N E  
C P L O T S  
C 
........................................................................ 
C 
C 
C C O H H O N  B L O C K  
C 

COMHON A L T ~ ~ ~ ~ ~ A L ~ ~ C O ~ ~ ~ A X ~ C O N C P K , D E C R A D , A D I R , D O S P K ~ E ~ ~ C L D H T I  
1 U 1 R C 3 1 ) ~ I O P T ~ 3 ~ ~ I T I H E ~ 1 D A ~ ~ H 0 N T H ~ 2 ) , I Y E ~ R ~ 1 S T 1 N ~ 1 S ~ A Y ~  
I S # O N < 2  ), I S Y E F I R ,  1 Y 2 1  J T O P ,   L A U N T D C  1 0  ) , L T I f l E , L T I M , L D A Y ,  
L H O N ~ ~ ~ I L Y E A R , ~ U ~ N U ~ , P ~ ~ P ~ ~ ~ ~ ~ ~ P I ~ ~ ~ P R E S S ~ ~ ~ ~ ~ P T E H P ~ ~ ~ ~ ~  
~ l , R A D D E C , R A T O ~ C , C L D R U D , R 2 ~ R 3 ~ S A ~ E ~ ~ 3 O ~ , S A ~ E R ~ 3 O ~ , S I G ~ ,  
S I G X O , S I C X ~ S P E E D ~ 3 l ~ ~ S Q R 2 P I , S U R 5 E N ~ S I G Z O ~ S I G ~ P ~ S 8 ~ T E M P ~ 3 1 ~ ~  
. ~ O P S U R ~ T U O P I ~ R S P D ~ V P F I R ~ ~ ~ ~ ~ C R T I R E ~ ~ ~ ~ ~ ~ I S T ~ Y E S ~ Y ~ I N U H R U N ~  
Y P O S , I F L G I ( S ) J Z B , Z Z I R E F L E C , I R E T R N  

L O G I C A L   L T I H E  
' I N T E G E R  YES 

E Q U I V A L E N C E  t QCl I Y P A R (  1 > ), (QC2, V P A R (  2 > )  I ( QC3, V P A R (  3 > > I  

( Q T l , Y P A R ( 4 ) ) , ( B T 2 , V P A R ( 5 ) ) , ( Q T J , V P A R ( 6 ) ) ,  
( A A , V P A R C 7 ) ) r ( B B , V P A R O ) , ( C C , V P A R ( 9 ) 3 ,  
( H E A T N , V P A R ( l O > ) , ( H E F I T ~ , ' ~ P U R ( l l ) ) , ~ H E A T ~ / V P ~ R ~ l 2 ) ~ ,  
( P H C L , V P F I R ( 1 3 ) ) , ( P C O , ~ P A R ~ l 4 ~ ~ , ( P C O 2 , V P A R ( l S ) ) s  
~ P A L Z O J ~ V P A R ~ 1 6 ) ) ~ ~ P N O , ~ P ~ R ~ l 7 ~ ~ ~ ~ G ~ H ~ A X ~ ~ P A R ( l 8 ~ )  

C 
C 
C 

O U T P U T   F O R M A T   S T A T E M E N T S  

2 0 0  F O R H A T  ( 4 1 5 , 1 2 )  
2 0 1  F O R H A T  ( 4  15 I F S  . Q  > 
2 0 2  F O R H A T  ( 4  15, F 5 , 2  ) 
203 F0RMC)T ( 4 1 5 1  1 4 .  E ' R 2 a 2 X I 2 ,  l X ' A 2 , A l ,  1 x 1 4 )  

C 
C L A B E L   T H E   P L O T  
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C 
I EXPC=O 
I E X P D = I E X P C + 2  
NEXPC=-  IEXPC 
HEXPDs-  IEXPD 
U R I T E  C 1 2 )  - 1 , 1 ~ 3 0 0 ~ 5 0 0 0  
U R I T E  ( 1 2 , 2 0 0 )  0 1  1 5 O r - 1 0 0 ~ 0 t N E X P C  
U R I T E  ( 1 2 )  - 1 , 1 ~ 3 0 0 , 6 5 0 0  
U R I T E  ( 1 2 , 2 0 0 )  0 ,  ~ ~ O J - ~ O O , O > N E X P D  
U R I T E  ( 1 2 )  -ill, 3 7 0 0 1   8 9 5 0  
W R I T E   ( 1 2 1 2 0 1 )   1 2 5 , 0 , 0 , 1 2 5 , C L D H T  
U R I T E  ( 1 2 )  - 1 , 1 ~ 3 7 0 0 , 8 7 4 5  
U R I T E   C 1 2 8 2 0 1 )   1 2 5 ~ 0 ~ 0 ~ 1 2 5 ~ C R T I I l E ~ 3 1 )  
U R I T E  ( 1 2 )  - 1 , 1 ~ 3 7 0 0 , 8 5 4 0  
Y R I T E  ( 1 2 , 2 0 2 )   1 2 5 , 0 ~ 0 , 1 2 5 , C O N P l A X  
U R I T E  < 1 2 )   - 1 , 1 , 3 7 0 0 , 8 3 3 5  
M R I T E  ( 1 2 , 2 0 1 )   1 2 5 , 0 , 0 1 1 2 5 , A L T ( J 2 )  
WRITE ( 1 2  > - 1 , 1 , 3 7 0 0 ,   8 1 3 0  
W R I T E  ( 1 2 1 2 0 1 )   1 2 5 , 0 , 0 , 1 2 5 , 0 .  
WRITE C 1 2 )   - 1 , 1 , 3 7 0 0 , 7 9 2 5  
W R I T E   ( 1 2 , 2 0 1 )   1 2 5 1 0 , 0 1 1 2 5 , 0 . 0  
I F ( I O P T ( 1  ) . EQ..  1 ) G O  T O  4 
U R I T E  ( 1 2 )  - 1 r 1 , 5 6 2 5 ~ 8 9 8 0  
U R I T E  ( 1 2 )  1 , 1 , 6 1 2 5 , 8 9 8 0  
G O  T O  7 

4 W R I T E  ( 1 2 )   - 1 , 1 , 5 0 2 5 , 8 9 8 0  
U R I T E   ( 1 2 )   1 , 1 ~ 5 5 2 5 ~ 8 9 8 0  
W R I T E  C 1 2  ) - 1  J 11 5 7 2 5 , 8 9 5 0  
W R I T E   ( 1 2 , 2 0 3 )  1 2 5 , 0 ~ 0 ~ 1 2 5 ~ I S T I 1 1 ~ L ~ U ~ T D ~ 4 ~ ~ I S D ~ Y ~ 1 S ~ 1 ~ N ~ 1 S Y E ~ R  

7 U R I T E  < 1 2 )   - 1 , 1 , 5 7 2 5 , 8 6 9 5  
U R I T E  ( 1 2 , 2 0 3 )   1 2 5 , 0 , 0 , 1 2 5 ,  I T I M E ~ L A U N T D ~ 4 ~ ~ 1 D A Y ~ M O N T H ~  I Y E A R  
U R I T E  < 1 2  ) - 1 , l  I 5 7 2 5 , 8 4 9 0  
I F ( L T 1 N E ) M R I T E   ( 1 2 , 2 0 3 )  ~ ~ ~ , ~ , ~ , ~ ~ ~ / L T I N I L A U N T D ( ~ ) , L ~ A Y , L N O N , L Y E A R  

C 
C RETURN T O  C O N C  
C 

C 
C END OF LABEL 
C 

RETURN 

E N D  
P R O G R A H  I S O P O I  5 

C 
C*************************************************************~*~****** 
C 
C ISOPLETH  PLOTTING PROGRAH -- A S E G M E N T  OF THE  HOD38 P R O G R A M  
C 
C************************************~************~****~**************** 
C 
C 
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C 
C I N P U T   F O R H A T   S T A T E I I E N T  
C 

C 
C O U T P U T   F O R M A T   S T A T E M E N T S  
C 

1 0 0  FORFIQT t A l )  

2 0 0  F O R M A T   ( " l " 2 0 X " C L O U D   L O C A T I O N   A N D   D I M E N S I O N S " /  
" T I H E   F R O M   C L O U D  S T k l B 1 L 1 Z A T 1 0 N ' ' 5 X " R ~ N G € " 5 X " A 2 1 H U T H "  
8 X " D I A H E T E R S   < M E T E R S ) ' /  
l l X ' ( H I N U T E S ~ " 1 4 X ' ~ ~ H E T E R S ) ' 4 X " o " 6 X " ~ O E G ~ ' ' ~ X u C R O S S  W I N D "  
4 X " A L O N G   U I N D "  ) 

2 0 1  F O R H A T  (12XF6.2,16XF8.!~4XF5.1,7XF7.1,7XF7.!~ 
2 0 2   F O R H A T   ( / / " ~ h d B D E F B U L T   I S O P L E T H   C O N C E N T R A T I O N   V A L U E S ?  " 

" ( E h d F Y k h d B E S  O R  E g d F N E h d B O ) :  E & d J - "  > 
203 F O R H A T   ( / / ' E b d B I S O P L E T H   C O N C E N T R A T I O N   V A L U E  ' 

" ( H E C Q T I V E   V B L U E   T E R N I N A T E S   P R O C E D U R E ) :   E b d J , " )  
2 0 4  F O R H A T  ( 4 1 5 , 1 4 '  E m b 2 , 2 X 1 2 ,  l X A P , A l ,  1x14) 
2 0 s  F O R H A T  (415, a i  ) 
206 F O R H A T  ( 4 1 5 1 F 5 . 2 ' , "  ) 

2 0 7  F O R H A T  ( 4 1 5 ' )  " F 5 . 2 " , "  > 
C 
C T Y P E   A N D   D I M E N S I O N   S T A T E M E N T S  
C 

L O G I C A L   D F A L T C  
D I P I E N S I O N   C O N C (  1 0 )  

C 
C D E T E R H I N E   T H E   O R I G I N  O N  THE H A P  F O R  T H I S   P L O T  AND H O V E  THE 
c P E N   T H E R E  
C 

C A L L   O R G I N (   I X 0 , I Y O )  



r 

Y R I T E  ( 1 2 )  - l , l , I X O , I Y O  
C 
C 
C . ' e  

4 

C 
C 
C 
C 

5 

9 
C 
C 
C 
C 

1 1  

14 

17 

D E T E R H I N E   T H E   I N D E X  I N  T H E   A L T I T U D E   D A T A   A R R A Y   T H A T   H A S  
' T H R T   A L T I T U D E   J U S T   L O Y E R   T H A N   T H E   E F F E C T I V E   C L O U D   H E I C H T J   C L D H T  

8 0  4 f = 2 r J T o P  
I F t C L D H T   . C T .   R L T ( 1  ) ) G O  TO 4 
I C L D H T  I - 1 . 
G O  T O  5 
C O H T I N U E  
I C L D H T  = J T O P  

D R A Y   T H E   L I N E   D E P I C T I N G '   C L O U D   H O V E H E N T   A L O N G   T H E   G R O U N D  
AS F A R  AS T H E   C L O U D   S T A B I L I Z A T I O N   P O I N T  

x = 0 . 0  
Y = 0 . 0  
D O  9 1 3 2 ~  I C L D H T  
I n 1  = I - 1 
R A N G E  = 0 . 5  * ( C R T I H E C I )  - C R T I H E ( I H 1 ) )  * ( S P E E D C I )  + S P E E D ( I H 1 ) )  
D I R  = 0 . 5  F L O A T ( I D I R ( 1 )  + I D I R ( I H 1 ) )  
I F ( I A B S ( I D I R ( 1 )  - I D I R ( 1 H l ) )   . C T .   1 8 0 ) D I R  = D I R  - 1 8 0 . 0  
I F ( D 1 R   . L T .   0 . O ) D I R  = D I R  + 3 6 0 . 0  
D I R  = D E G R A D  * ( 3 6 0 . 0  - D I R )  
X = X + R A N G E  * C O S C D I R )  
Y = Y + R A N G E  * S I H ( D 1 R )  
I X  = I N T ( 0 . 2 6 3 1  * X )  t 1 x 0  
I Y  = I N T ( 0 . 3 5 4 5  * Y )  t I Y O  
I F ( I X . L T . 0   . O R .   I X . C T . 9 9 9 9   . O R .   I Y . L T . 0   . O R .   I Y . G T . 9 9 9 9 ) G O  TO 1 1  
U R I T E ' ( 1 2 )   l r l a I X 1 1 Y  

H A K E   T H E   C L L C U L A T I O N S   N E C E S S A R Y   T O   U R I T E   O U T   T H E   C L O U D  
L O C A T I O N   A N D   D I H E N S I O N S  

A L T l  = 0 . 5  * ( C L D H T  t & L T (   I C L D H T  ) )  
I C L D P l  = I C L D H T  t 1 
A R C 1  = A L T (   I C L D P l )  - L L T (   I C L D H T )  
A R C 2  = ( C L D H T  - R L T ( I C L D H T ) ) / I R G l  
S P C E N T   S P E E D C I C L D H T )  t ( S P E E D ( I C L D P 1 )  - S P E E D C I C L D H T ) )  * A R G 2  
R A N G E   S P C E N T  * ( C R T I f l E ( I C L D P 1 )  - C R T I H E ( 1 C L D H T ) )  * A R C 2  
I F ( I A B S ( I D I R ( I C L D P 1 )  - I D I R ( 1 C L Q H T ) )   . L T .  1 8 O ) C O  TO 14  
I F ( I D I R < I C L D P l )   . L T .   1 8 0 ) I D I R ( I C L D H T )  = I D I R ( 1 C L D H T )  + 3 6 0  
I F ( I D I R ( 1 C L D H T )   . L T .   1 8 O ) I D I R ( I C L D H T )  = I D I R ( 1 C L D H T )  + 3 6 0  
D I R  = F L O A T ( I D I R ( 1 C L D H T ) )  + ( A L T I  - A L T C I C L D H T ) )  * 
I F C D I R   . G T .   3 6 0 . O ) D I R  = D I R  - 360.0 
I F C D I R   . C T .   1 8 0 . 0 ) G O   T O  1 7  
D I R  * D I R  + 1 8 0 . 0  
G O  T O  18  
D I R  = D I R  - 1 8 0 . 0  

F L O A T (   I D I R (   I C L D P l  > - I D I R C   I C L D H T   ) ) / A R G l  
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C 

D e C R S  1 . 3 4  :* S I C X O  
OLLNG - 4 . 3 4  * S I C X O  

A R C I -  = 1 8 0 . 0  
I F C D I R  . G T .  1 8 4 . O > L R 6 1  = 5 4 0 . 0  
$ 2  = A R G I  - DIR 

C 
L R C l  = 1 8 0 . 0 .  
I F C L D I R  .GT.  180.0)ARGl = 5 4 0 . 0  
D Q Z  3 f iRC1  - A D I R  
L R G l  = DECRAD * D ( I Z  
D E L X  = D E L R  * C O S ( h R C 1  ) 
D E L Y  = D E L R  * S I N ( A R G 1 )  

C 

C 
D E L U  = A B S ( S P E E D (   I C L D H T )  - S P E E D ( 1  ) )  

D E L T H  = I D I R t J T O P )  - I D I R ( 1 )  
C 

T I M  = 0 . 0  
R l  = 0 . 0  
x c  = x 
Y C  = Y ,  
T X L  = 0 . 2 8  * D E L U / I S P D  
S I C X O 2  = S I G X O  * S I C X O  
S82  = S 8  * S 8  
Y R I T E  ( 6 1  2 0 0 )  

C 

22  
C 
C 
c 

DO 2 2  I = l , i 3  
Y R I T E  ( 6 , 2 0 1 )  T I H , R , A Z I D ~ ~ C R S I D A L N G  
T I H  2: T I M  t 5 . 0  
R l  = R 1  + D E L R  
X L  = R 1  * T X L  
S I C X  = S Q R T ( ( X L t ' 4 . 3 0 ) * * 2  + S I C X O P )  
D A C R S  = 4 . 3 0  * S I G X  
S I C Y  = S Q R T C S 8 2  + ( 0 . 0 0 4 0 5 8 9  - 3 . 0  * D E L T H  * R 1 ) * * 2 )  
D P L N G  = 4 . 3 0  * S I G Y  
xc = xc + O E L X  
Y C  = Y C  + D E L Y  
R = S B R T C X C  * X C  t YC * Y C )  
A Z  = 1 8 0 . 0  - R A D D E G  * A T A N 2 ( Y C , X C )  

L A B E L   T H E   C L O U D   S T A B I L I Z A T I O N   P O I N T   Y I T H  fi t 



I X  = I N T ( O . 2 6 3 1  * X )  + 1 x 0  
I Y  = I N T ( O . 3 5 4 5  * Y )  + I Y O  
I F ( I X . L T . 0   . O R .   I X . C T . 9 9 9 9   . O R .   I Y . L T . 0   . O R .   I Y . G T . 9 9 9 9 ) G O   T O  77 
I X X  = I X  
I Y Y  = I Y  
Y R I T E  ( 1 2 )  l , l , I X , I Y  
C A L L   S Y H B L C  15drl50, l H + )  

C 
C L A B E L  THE POINT OF H A x I t t u n  C O N C E H T R ~ T I O N  YITH a e 
C 

D I R  = D E G R A D  * ( 1 8 6 . 6  - A D I R )  
C D I R  = C O S ( D 1 R )  
S D I R  = S I N C D I R )  
1 x 1  = I N T ( 0 . 2 6 3 1  * ( X  + R A T O H C  * C D I R ) )  + 1 x 0  
I Y 1  = I N T C 0 . 3 5 4 5  * ( Y  + R A T O H C  * S D I R ) )  + I Y O  
U R I T E  ( 1 2 )  - 1 , l l  1x1  l I Y 1  
C A L L   S Y H B L C   1 5 0 , 1 5 0 , l H e )  

C 
C D R A Y   T H E   L I N E   O F   C L O U D   H O V E H E N T   A L O H C , T H E   G R O U N D  F.ROH 
C T H E   C L O U D   S T A B I L I Z A T I O N   P O I N T  ON 
c ,  

Y R I T E  ( 1 2 )  - 1 r l r l X X 1 1 Y Y  
R A N G E  = 1 0 0 0 . 0  

27 X = X + R A N G E  * C D I R  
Y = Y + R'ANGE * SDIR 
I X  = I N T ( 0 . 2 6 3 1  * X )  + 1 x 0  
I Y  = I N T C 0 . 3 5 4 5  * Y )  + I Y 0  
I F ( I X . L T . O  . O R .  I X . C T . 9 9 9 9   . O R .   I Y . L T . 0   . O R .   I Y . C T . 9 9 9 9 ) G O  TO 29  

G O  T O  2 7  
Y R I T E  ( 1 2 )  l , l , I X , I Y  

29 Y R I T E  ( 1 2 )  - 1 , l a  I X X , I Y Y  
C 
C h R E   D E F A U L T   C O N C E N T R A T I O N   V A L U E S   G O I N G   T O   B E   U S E D  
C F O R   T H E   P L O T S  
C 

Y R I T E   ( L U . 2 0 2 )  
R E A D   ( L U , l O O )  I 
D F A L T C  = . F A L S E .  
I F C I  . N E .   Y E S I C 0  TO 3 5  

C 
C Y E S  -- S E T   U P   T H E   D E F A U L T   V A L U E S  
c 

D F B L T C  = . T R U E .  

C O N C ( 2 )  = 0 . 5  * C O N H A X  
C O N C ( 3 )  = 0 . 1 5  * C O N H A X  

c o N c ( 1 )  = 0 . 1  * c o N n a x  

C O N C ( 4 )  = - 1 . 0  
C 
C D O   L O O P   O V E R   T H E  1 0  P O S S I B L E   C O N C E N T R A T I O N   V A L U E S   F O R   T H E   P L O T S  
C 
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35 D O  5 8  I=1,10 
. I  c 

C I F  D E F A U L T   C O N C E N T R A T I O N   V C I L U E S  CIRE N O T   B E I N G   U S E D ,  
C R E L D   I N   T H E   V A L U E   F O R   T H I S   P L O T  
C 

I F < D F I L T C ) C O  TO 3 7  
Y R I T E   ( L U 1 2 0 3 )  
R E A D   ( L U ,  * )  CONCC I) 

37 I F ( C O N C ( 1 )   . L T .  0 . O ) G O  TO 6 1  
C 
C I T E R A T E  T O  F I N D   T H E   L O C I T I O N  OF T H I S   C Q N C E H T R I T I O N  
C O N   T H E   P L O T  
C 

D I S T  = 0 . 0  
D I N C  = 1 0 0 0 . 0  

C 
4 1   C c l L L   D F E X P (   J T O P ,   C O N C (  I ) )  

I F ( Y 1  . C T .  0 . 0 ) G O  T O  4 2  
D I S T  = D I S T  + D I N C  
G O  T O  4 1  

C 
4 2  I F ( D 1 N C   . L E .   1 O O . O ) C O  TO 4 3  

D I S T  = D I S T  - 9 0 0 . 0  
D I N C  = 1 0 0 . 0  
G O  T O  4 1  

C 
4 3   I F ( D I H C   . L E .  1 O . O ) G O  T O  4 4  

D I S T  = D I S T  - 9 0 . 0  
D I N C  = 1 0 . 0  
G O  TO 4 1  

C 
C P L O T  O U T  T H E   C O N C E N T R A T I O H   L I N E  ON B O T H   S I D E S  
C 

4 4  D I S T  = D I S T  - 1 0 . 0  
1 x 1  = I N T ( 0 . 2 6 3 1  * D I S T  * C D I R )  + I X X  
IY1 = I N T C 0 . 3 5 4 5  * D I S T  * S D I R )  + I Y Y  
I F ( I X 1  . L T . O   . O R .  1 x 1  . C T .  9999  . O R .  I Y l  . L T . O  . O R .  IYl . CT . 9 9 9 9 )  

G O  TO 58 
Y R I T E  ( 1 2 )  -l,l,IXl,IYl 

C 
D I S T  = D I S T  t 10 . O  
I X  = I N T ( 0 . 2 6 3 1  * ( D I S T  * C D I R  - Y l  * S D I R ) )  + I X X  
I Y  = I N T ( 0 . 3 5 4 5  * ( D I S T  * S D I R  + Y 1  * C D I R ) )  + I Y Y  
IFC I X . L T . 0   . O R .  I X .  C T .  9 9 9 9  . O R .  I Y  . L T . Q   . O R .  I Y  . G T .  9 9 9 9 ) C O  TO 58 
Y R I T E  ( 1 2 )  l,l,IX,IY 

C 

C 
Y R I T E  ( 1 2 )  -l~l,IXl,IYl 

1 x 2  = I N T ( 0 . 2 6 3 1  * ' < D I S T  * C D I R  + Y 1  * S D I R ) )  + I X X  
I Y 2  = I N T ( 0 . 3 5 4 5  * t D I S T  * S D I R  - Y 1  * C D I R ) )  + I Y Y  

A- 62  



IF( IX2.LT.O . O R .  IX2.CT.9999 . O R .  IYP.LT.0 . O R .  IY2 .GT.9999)  
G O  T O  58 

C : 
46  YRITE ( 1 2 )  1 ~ 1 8 1 x 2 ~  IY2 

URITE C 1 2 )  - 1 r  1, IXJ IY 

1 x 1  = 1x2  . .  
I Y l  = IY2 
DIST = DIST t 5 0 0 . 0  
C R L L  DFEXP( JTO.PrCOHCC I ) )  

c 
; 4: 

- ~. 
* , , *  ' I , 

IX = I H T ( 0 . 2 6 3 f  * (DIST * CP1.R - '~Y-1 * . S D I R ) )  i I X X  
IY = I H T ( 0 . 3 5 4 5  * (DIST * SDIR + Y 1  * C D I R ) )  + K Y Y  . ' ;  

I F ( I X . L T . 0  . O R .  IX.CT.9999 . O R .  IY.LT.0  . O R .  IY.GT.9999)GO TO 58 
U R I T E  ( 1 2 )   I J ~ ~ I X J I Y  

C 
I F t Y 1  . G T .  0 . 0 ) G O  T O  5 4  

G O  TO 58 j .  

WRITE ( 1 2 )  1 I 1 , 1 x 2 ,  IY2 
. .  . .  , /  

C , .  
54 URITE ( 1 2 )  - 1 ~ 1 , 1 % 1 ~ 1 Y l  

. .  

1 x 2  = INT(0 .2631 * CDIST 4 CDIR + Y 1  * SDIR) )  i I X X  
1 ~ 2  = 1 ~ ~ ~ 0 . 3 5 4 5  * { D I S T  * S D I R  - y 1  4 C D I R ) )  + . I Y U  
IF(IX2.LT.O .OR. IX2.GT.9999 . O R .  IY.2.LT.O  .OR:IY2.Gf.9999) 

G O  T O  4 6  I 

- >  

G O  T O  58 

C 

C 
C O N  THE P L O T ,  CROSS O U T  E I T H E R  T H E  M O R D  F O R E C R S T  O R  SOUNDING 
C 

58 CONTINUE 
, .  . ~* 

, ,  

6 1   I F ( I O P T ( 1 )  , N E .  0)GO T O  62  , - 
URITE ( 1 2 ) " l r l r 7 6 7 r 6 6 4 "  ' ' " ' 

YRITE ( 1 2 )   1 , 1 , 1 1 7 4 ~ 6 0 4  
i. - I  I . :  I , 

G O  T O  6 4  ' 4  . - I  

c ., : .  I : i  

62 W R 3 T E  < 1 2 )  -11 1 , 1 2 6 9 ; 6 0 4  . ~ ,  " ' . 
I .  , < 

URITE ( 1 2 )   l , l r 1 7 6 0 , 6 0 4  F. '" 1 

C 
C PRINT OUT T H E  PREDICTION TIf4E ON T H E  P L O T  
C 

64 LdRITE ( 1 2 )   - 1 ~ 1 , 1 8 6 9 ~ 3 1 9  
URITE ( 1 2 , 2 0 4 )  ~ O O J O ~ O ~ ~ ~ ~ J I T I ~ ~ E ' ~ L A U N T D ~ ~ ~ J I O ~ Y J M O N T H ~ I Y E ~ R  

c 

C 
c I F  T H E  L R U N C H  TIIE M R S  E H ~ E R E ~ D ~  P R I N T  I T  O U T  O N  T H E  P L O T  

I F < . N O T .  L T 1 H E ) G O  TO 6 7  
URITE ( 1 2 )   - 1 r i r 1 8 6 9 J 1 1 2  
BRITE ( 1 2 ~ 2 0 4 )  ~ ~ ~ J ~ , ~ J ~ ~ ~ . J L T I ~ / L C ~ U ~ T ~ ( ~ ) J L ~ C ~ Y J L ~ O ~ J L ~ ' E ~ R  

C 
C ON THE P L O T J  PRINT O U T  T H E  CHARClCTERS '+ A N D  @ k O R  T H E  L E G E N D  



C 
67 U R I T E  ( 1 2 )  - 1 , 1 , 1 0 4 1 , 1 3 4 2  

U R I T E  <12,205) 1 5 0 ~ 0 ~ 0 , 1 5 O ~ l H +  
Y R I T E  (12) -1, 1,1041,1104 
U R I T E  (12,205) !50~0,0~150rlH@ 

C 
C FOR THE LEGEND O N  T H E   P L O T ,   P R I N T  OUT  THE  CONCENTROTION  VALUES 
C FOR MHICH  CONTOURS  MERE DRAWN 
C 

U R I T E  (12) - l , l ,  1066,9587 
D O  75 I=1,10 
I F c C O N C t I )   . L T .  0 . O ) G O  TO 7 7  
I F ( I  .HE. 1 ) G O  TO 7 2  

G O  TO 7 5  

75 C O N T I N U E  

U R I T E  (12,206) 1 2 5 ~ Q , O ~ l S O ~ C O H C ~ I )  

72 M R I T E  ( 1 2 , 2 0 7 )  1 2 S ~ 0 ~ 0 ~ 1 5 O ~ C O H C ( I ~  

C 
C RETURN  TO  THE  APPROPRIATE  PLACE I N  # O D 3 A  
c 

77 G O  TO I R E T R N  
78 CALL  HODJA 

C 
C END OF I S O P O  
C 

E N D  
EHDI 
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Program REED 

I 

. .  
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. .  

F T N 4 r  L 

C 
C * * * * * * * * * * * * * * * * * * * * 6 * * * * * * x * x * * * * * * * * * * ~ * * * * * * * * * * * * * * ~ * * * *  
c 
C NASA/#SFC  WULTILAYER  D IFFUSION  HODEL --  2 1  J U N   1 9 7 7  
C 
C R A I N  PROGRRfl -- R E E D  
C 
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * + * * * * * % * * * * * * * * * * * * * * ~ * * * * * * * * ~ * * *  
C 
C COHHON BLOCK 
C 

PROGRAM REED 

COPIHOH R L T ( 3 l ) r A L l r C O N ~ A X ~ C O N C P K I D E G R R O I R D I R ~ D O S P K ~ E l ~ C L D H T ~  
I D I R ~ 3 1 ~ ~ I O P T ~ 3 ~ r I T I ~ E ~ I D A Y ~ f l O N T H ~ 2 ) 1 I Y E A R ~ I S T I ~ r I S D A Y ~  
I S f l 0 H ~ 2 ~ ~ I S Y E A R ~ I V 2 r J T O P r J B 0 T r L B U H T D ~ l 0 ~ ~ L T I 1 9 E ~ L T I ~ ~ L D A Y ~  
L ~ O N ~ 2 ~ ~ L Y E O R ~ L U , N U ~ ~ F I ~ P I O V R 2 ~ P I 4 3 ~ P R E S S ~ 3 l ~ ~ P T E N P ~ 3 l ~ ~  
S I G H C L , R O D D E G , R A T O ~ C . C L O R A D I R 2 ~ R 2 , R 3 , S ~ ~ E R ( 3 O ) , S ~ ~ E R ( 3 O ) , S I G A ,  
S I C X O I S I G X ~ S P E E D ( ~ ~  ) , S Q R ~ P I I S U R D E N I S I G Z O ~ S I G ~ P ~ S ~ ~ T E N P ( ~ ~ ~ ~  
T O P S U R , T ~ O P I , A S P D , V P A R ( l 8 ) , C R T I ~ E ( 3 l ) , D I S T , Y E S , Y l , N U ~ R ~ N ,  
Y P O S ,  I F L R G ( 5  ), Z B r  2 2 ,  REFLEC,  ERETRN 

L O C I C B L  L T I H E  
INTEGER YES 
EQDIVALEHCE (QClrVPAR(l)),(QC2rVPAR(2)),<QC3,VPAR(3))r 

( B t l , V P A R < 4 ) ) , ~ Q T 2 , Y P A R ( S ) ) , ( Q T 3 , Q F R R ~ 6 ) ~ ~  
( R A , Y P A R ( 7 ) ) , ( B B , V P A R ( 8 ) ) , ( C C , V P A R ( 9 ) ) ,  
(HEATN,YPAR(lO))r(HEATH,~PAR(ll)),(HfATA,VPAR(I2~), 
( P H C L , Q P B R ( 1 3 ) ) , ( P C O , Q P A R ( l 4 ) ) , ( P c O 2 , V P ~ R ( l S ) ) ~  
( P A L 2 0 3 , V P A R ( 1 6 ) ) , ( P H O , V P A R ( l 7 ) ) , ( G A ~ # A X , V P ~ ~ ( l 8 ) )  

D I H E N S I O N  I L I ~ E ( 3 2 ) r I D A T B F ( 1 6 ) , I E ~ S ( 3 2 ) , J J T I ~ ( 5 )  
C 
C INPUT  FORHAT  STRTEISEHTS 
C 

1 0 0  FORHAT ( 1 2 1 l X , 2 P 2 1 1 2 )  
191 FORMAT (All 
102 FORHAT '(lOCI2) 
103 FORHAT ( 1 4 8 5 x 1 2 ,  lXA23A1,  1 x 1 4 )  
1 0 4  FORHAT ( 1 4 , 3 X 1 2 a l X A 2 , A l r l X l 4 )  
1 0 5  FORHAT ~ 1 6 ~ i X I 3 ~ l X F 4 . l ~ F 6 . l ~ F 6 . l ~ F 7 . 2 ~ l ~ X F 7 . 2 )  
1 0 6  FORMAT (14, '  C " A 2 ~ 1 X I 2 , l X ~ A 2 r ~ l , l X 1 I 4 )  
107 FORHAT ( 1 2 1 1 X 1 R 2 4 A l r l X 1 1 4 )  
108 FORHAT ( F 7 . 2 )  
1 0 9  FORMAT ( 1 2 )  
1 1 0  FORHAT ( F 4 . 1 )  

C 
C OUTPUT  FORHAT  STATEHEHTS 
c 

2 0 0  FORMAT < ' 1 ' 8 0 ~ 1 H * ~ / 1 X ~ ~ O ~ l H * ~ / 1 X 1 1 0 0 , 6 0 X , 1 0 ~ l H * ~ /  
l X , l O ( l H * ) ,  N A S A / # S F C  HULTILAYER  DIFFUSION  t lODEL - " 
" R E E D m 4 X " 2 1   J U N   1 9 7 7  "I l o (  l H * ) / l X ,   l O ( l H * ) r 6 0 X ,  10(  l H * ) /  
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l X 1 8 0 ( 1 H * ) / 1 X 1 8 0 ~ 1 H * ) /  
" O R U N  ' 1 2 '  U S I N G   D A T A   F I L E  " 3 A 2 /  
" 0 ' 3 A 2 1 A 1 '  L A U N C H   V E H I C L E ' )  

2 0 1  FORMAT ( " O L A U N C H   T I R E :   " 1 4 1   l X R 1 ~ f i 2 1 4 X " D f i T E :  " 1 2 J l % f i 2 I f i I l  1 x 1 4 )  
2 0 2  F O R H A T  I " O P R E D I C T I 0 N   T I H E :  ' 1 4 '  C m A 2 ~ 4 X " D A T E :   " 1 2 ~ 1 X A 2 r A l 1 l X I 4 /  

" O D A T A   F I L E   H E Q D E R   1 N F O R H ~ T I O H : 9 )  
203 F O R H A T   C " O < < < < O P E N   E R R O R  "IS', P R O C E S S I ' N G   C O N T I N U E S   U I T H  ' 

, 2 0 4 ' . F O , R R A - T   ( " O < < < < R E A D F   E R R O R   ' 1 4 ' 1   P R O C E S S I N G   C O ' N T I N U E S   U I T H  ' 
" N E X T   R U N > > > > " >  

* N E X T   R U N > ) > > u  
2 4 5  F O R H h T  ( 6 x 1  4OA2)  
206 F O R R A T  ( " 0 ' 5 X " T I R E :   " I ~ ~ ~ X A ~ I A ~ I ~ X " D A T E :   ' 1 2 1 1 X A 2 1 A l ~ l X 1 4 ~  
2 0 7  F O R R A T  ( * 1 ' 8 O (  ~ H S ) / ~ X I ~ O ~ ~ H S ) J ~ O X , ~ O (   1 H S ) /  

l X 1 2 0 (  I H S  > I  1 6 X " S O U N D I N G Y 1 6 X ,  20 (  1 H S  ) /  
~ X ~ ~ O ( ~ H S ) ~ ~ O X J ~ ~ ( ~ H ~ ) / ~ ~ J ~ O ~ ~ H S ~ / / )  

2 0 8   F O R H A T  ~ " 1 " 8 0 ~ 1 H F ~ / 1 X ~ 2 0 ~ 1 H F ~ 1 ~ ~ ~ ~ 2 ~ ~ 1 H F ~ ~  
1 x 1  20C 1 H F  > a  l C X " F P R E C & S T "  1 6 X J  20(  1 H F  ) /  
~ X , ~ O C ~ H F ~ ~ ~ ~ X ~ ~ O ( ~ H F ) / ~ ~ I ~ ~ ~ ~ H F ~ / / )  

2 0 9   F O R H A T  ( " O S U R F A C E  D E N S I T Y  ( G R / R * * 3 > :  ' F 8 . 2 )  
2 1 0  F O R R A T  ( " O L R Y E R  A L T I T U D E   D I R E C T I O N   S P E E D   T E R P  

" P O T - T E R P  D P T E R P   P R E S S U R E ' /  
" N O ;   ( F E E T )   ( M E T E R S )   ( D E C R E E S )   ( H / S E C )  
" ( D E G R E E S   C E N T I G R A D E )   ( I I I L L I B A R S ) "  1 

Y 

211  F O R H A T  ~ 2 X 1 2 1 1 7 1 2 X I 5 1 7 X 1 3 ~ 5 X F 4 . 1 1 4 X F 4 . 1 1 4 X F 5 . 2 1 6 X F 4 . 1 1 6 X F 5 . 2 ~  
C 
C T Y P E   A N D   O I H E N S I O N   S T A T E H E N T S  
C 

I N T E G E R  B L A H K S I F I L E ( ~ ) , F D ~ G I T ( ~ ~ ) I R C H A R , S C H A R I  
V N A H E S C ~ ~ ~ ) , R U N N U H ~ R A ~ F O J S D T J T E I Z E R O O I R C L D R ( ~ ~  

D I H E N S I O N   I P A R ( S ) I V P A R S I  18,5),IDCB(272),IBUF(40), I A L T ( 3 1  
D P T E H P (  3 1  ) I  H A H E (  3 >, N A H E F ( 3  

C 
C 
C 

D A T A  S T A T E H E N T S  

D A T A   N A H E / 0 3 6 5 2 2 8 r 2 H E E 1 1 H D /  
D h T A   I E R S / 3 2 * 2 H  / 
D A T A   M A H E F / ~ H ? R I   2 H E E I   1 H D /  

C 
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
C * * *  V P A R S ( 1   T H R U  18) = S H U T T L E  ( 1 9  - 3 6 )  = T I T A N  ( 3 7  - 54 ) = D E L T A  , 

C * * *  ( 5 5  - 7 2 )  = D E L T A  3 9 1 4  ( 7 3  - 9 0 )  = H I N U T E H A N  
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ~ * *  
C 

D A T A  V P A R S / l . 5 2 1 9 2 3 E 7 , 6 . . 8 8 2 9 6 8 E 6 1 3 . 4 4 1 4 8 4 E 6 r i . 8 9 4 7 9 4 1 7 3 E 9 1  
8 . 5 6 9 2 9 5 1 6 E 8 1 1 . 7 1 3 8 5 9 0 3 2 E 9 1 . 6 5 2 2 1 2 9 8 9 1 J . 4 6 8 0 8 4 6 ~  
. 3 7 5 ~ 1 4 7 9 . 7 ~ 1 O 6 2 . 3 5 ~ 1 ~ 0 0 . 0 1 . 1 9 7 0 1 . 2 2 3 4 ~ . 0 3 1 6 ~ . 2 7 9 1 ~  
. 0 0 0 2 J  - 6 4 1  
5 . 4 3 7 5 2 8 E 6 , 2 . 7 1 8 7 6 4 E 6 1 1   . 3 5 9 3 8 2 E 6 , 3 . 2 6 2 5 1 6 8 E 8 1  
1 . 6 3 1 2 5 8 4 E 8 J 3 . 2 6 2 5 1 6 8 E 8 ~ . 4 2 9 S 8 Q 4 6 9 1 . 5 1 8 4 2 2 3 1  
5 . Q ~ 2 0 2 1 . 1 1 1 0 1 0 . 5 5 1 1 0 0 0 . 0 1 . 1 9 3 2 r . 2 6 6 5 , . 0 2 2 2 ,  
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. 2 8 1 9 1 . 0 0 0 2 1 . 6 4 ~  
8 . 3 6 O 6 8 5 E 5 , 9 . 0 9 8 1 1 E 4 ~ 2 . ? 2 9 4 3 4 E S J 2 . 8 8 7 5 9 8 E 7 J  
3 . 1 4 2 2 9 E 6 ~ 1 . 8 8 5 3 7 3 E 7 ~ . 9 2 2 1 5 6 ~ . 4 3 2 7 0 3 ~ . 5 4 ~ 1 7 6 6 . 0 ~  
1 0 0 0 . 0 ~ 6 9 0 . 0 ~   . 1 8 6 6 , . 2 0 5 5 ,  . 0 1 5 6 ~  . 3 3 9 1 ~   . 0 0 0 2 1  
. 5 0  J 

1 . 0 5 ? 5 5 7 E 6 , 1 . 4 8 2 9 2 3 E 5 ~ 3 . 7 0 7 3 i E 5 , 6 . 7 0 2 6 9 E 7 ,  
9 . 3 9 8 6 1 6 E 6 ~ 4 . 6 9 9 3 0 8 E 7 1 1 . 2 4 5 7 5 6 J . 4 1 8 0 9 4 7 ~  
0 . 0 1  1 4 4 9 . 9 ,  1 0 0 0 .  o ' ~ 4 1 1 . 1 8 1   . ' l 8 6 6 1  : 2 0 5 5 ,  . 0 1 5 6 ,   . 3 3 9 1  I 

. Q O O 2 J  . 5 0 ,  
4 . 6 8 4 4 7 6 € 5 ~ 4 . 6 8 4 4 7 6 E 5 ~ 1 . 1 7 1 1 1 9 E 5 ~ 2 . 8 1 0 6 8 5 6 E 7 ~  
2 . 8 1 0 6 8 5 6 E 7 J 2 . 8 1 0 6 8 5 6 E 7 , . 4 6 9 9 8 2 1 . 4 6 3 3 3 3 , 0 . 0 1  
2 0 5 ! 5 . 9 ~ 2 0 5 5 . 9 ~ 1 0 4 0 . 0 ~ . 1 ~ 6 6 ~ . 2 0 5 ~ ~ . 0 1 5 6 ~ . 3 3 9 1 ~  
. 0 0  02 J . 6   4 /  

C 
D A T A  BLAHKS/2H / I  R C H A R / l H R / r   T C H A R / l H T / ,  S C H A R / I H S / , J  

R A / P H R A / J  FO/PHFO/I S D T / P H D T / ,  TE/PHTE/J  ZEROO/~HOO/J 
N I N E 9 / 2 H 9 9 / ,  RCLDR/2HRC,2HL.O>  1HR/ 

D A T A  F D I G I T / ~ H ~ ~ ~ ~ H ~ ~ J ~ H O ~ ~ ~ H O ~ ~ ~ H O S ~ ~ H O ~ ~ ~ H ~ ~ ~ ~ H O ~ ~ ~ H O ~ J ~ ~ ~ ~ J  
2 H 1 1 , 2 H i 2 , 2 H 1 3 , 2 H i 4 , 2 H 1 5 1 2 H 1 6 , 2 H 1 7 , Z H 1 8 1 2 H l 9 ~ 2 H 2 ~ ~  
2HZ1 J 2H22 J 2 H Z 3 ~ 2 H 2 4  I 2H25 J 2H26 I 2H27 J 2H28 J 2H29 J 2H3O I 

. .  2H31 J ZH32,2H3312H34,2H3512H36> 2H37,2H38,2H39,2H401 
2 H 4 1 ~ 2 . H 4 2 ' , 2 H 4 3 ~ 2 H 4 4 ~ 2 H 4 6 , 2 H 4 7 , 2 H 4 6 ~ 2 H 4 ~ 2 H 4 8 ~ 2 H 4 9 ~ 2 H S ~ ~  

DCITA V H A H E S / ~ H S H , ~ H U T I ~ H T L I I H E ,  
~ H T I J ~ H T ~ ~ J ~ H N , ~ H  I 

2HDE,PHLT, l H A ,  I H  / 
C 
C CALL CRRF T O  I N I T I A L I Z E  SCOPE (ONLY  APPLICABLE I F  U S I N G  
C P L A S H A S C O P E )  
C 

C 
C FIND T H E  LOGICAL UNIT N U H B E R  OF T H E  DEVICE T O  B E   U S E D  F O R  
c I N P U T  A N D  S E T  THE VARIABLE  LU .EQUAL T O  I T  
C 

CALL  GRfiF(1) . 

CBLL R H P A R (  I P A R )  
LU = I P h R c l  ) 

C 
C B E G I N  P R O C E S S I N G  OF NEU D A T A  BY CLEARING SCOPE 
C 

C 
C I N I T I A L I Z E  SOHE C O H H O N  VARIBBLES 
c 

1 CALL CLEAR 

L T I H E  = . F I L S E .  
Y E S  = 1 H Y  
P I  = 3 . 1 4 1 5 9 3  
PIOVR2 = 0 . 5  * P I  
P I 4 3  = 1 . 3 3 3 3 3 3 3  * P I  
T W O P I  = 2 . 0  * P I  
S Q R 2 P I  = SRRTC T U O P I  ) 
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DEGRAD = PIl180.0 
RADDEG = 180 . 0 / P I  
D O  2 I = 1 , 3  

2 I O P T t I )  = P 
JBOT = 0 
ZB = 0 . 0  
z z  = 0 . 0  
REFLEC = 1 . O  

C 

C 
c : :  .UR.ITE, ;TH:E H E A D E R  OF: T H E  CONSOLE 

CAL,L CLEAR . .  

YPOS = 4 9 0 .  
CALL  DREAD( NClHEF, 21 I L I . N E )  
CALL LERS<YPOS)  

Ct9L.L GETTD(   LT IH ,  L D A Y ,  LflONJ LYEAR ) 
CALL C H A R ( O . , Y P O S I O ~ I L I H E , ~ ~ , ~ , O ~  

' C ' A L C  C'ODE 
U R I T E  < IDATAF,  1 0 7 )  LDA'Y, L H O N ,  LYEAR 

' , CALL C H A R ( 3 6 8 . J Y P O S , O a I D A T A F , 1 1 1 2 1 0 )  
YPOS = Y P O S  - 32. 

c ,  . .  R .EAD I N  THE N U M B E R  OF R U N S  T O  B E  M A D E  A N D  T H E  F I R S T  FOUR 
C C H A R A C T E R S  OF T H E  D A T A  F I L E  N A M E S  FOR T.HOS,E R U N S  
C 

C A L L   D R E A D ( N A # E F , 3 ,   I L I H E )  
CALL  LERS(YPOS)  

! CALL C H A R ( O . , Y P O S , O I I L I N E ~ ~ ~ ~ ~ ~ ~ )  
CALL C H A R ~ 3 8 4 . J Y P O S , O ~ I L I N E ( 2 5 ) , 8 ~ 3 , 0 )  
C A L L   C H A R ( 4 6 4 .  , Y P O S , O , I L I N E ( 3 0 ) , 6 , 0 , 0 )  
CALL I N ~ 1 , J T Y P E , O . , O . , O , O ~ ~ ~ O ~ 3 1 ~ 0 ~ 3 1 ~ 1 X ~ I Y )  
C k t L  C H A R < O . , Y P O S , O I I L I H E 1 6 4 1 0 1 0 )  
I F C I X   . L E .   2 5 ) C A L L  C H A R ( ~ ~ ~ . J Y P O S ~ ~ J I E R S , ~ # O J O ) '  
I F ( I X  . C T .  2 5 ) C A L L  C H A R ~ ~ ~ ~ . J Y P O S J O I I E R S , S ~ ~ J O )  
YPOS = Y P O S  - 3 2 .  
I F C I X  . C E .  2 8 1 I O P T ( 2 )  = 1 
I F ( I O P T ( 2 )   . E Q .  0 ) G O  T O  4 

CALL  CERS(YP0S)  

Y P O S  = YPOS - 1 6 .  

CALL LERSCYPOS) 

H I N  = 9 

CALL D.READ(NAHEF,Q, IL INE)  

CALL C H A R ( O . J Y P O S I O J I L I N E , ~ ~ J O , O )  

CALL  DRE(ID(  NAttEFt 5 1  I L I N E )  

CclLL C H A R ( O . ~ Y P O S , O ~ I L I N E J ~ ~ ~ ~ J O )  

C U L L   B L A N K < I D A T A F , l O )  
CALL I ~ ~ C O , J T Y P E ~ ~ ~ ~ . ~ Y P O S J Q ~ I D A T A F ~ N I N ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I X ~ I Y ~  
CALL C H A R C O .  I Y F O S ~ O , I L I N E , ~ ~ , O J O )  
YPOS = YPOS - 32. 
CALL CODE 
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. .  

READ ( I D A T L F , 1 0 0 )   H U H R U N I F I L E < ~   ) , F I L E ( 2 ) ,   I F O F F  

I F ( I F 0 F F  . C T .  OI IFOFF  IFOFF -; 1 
I F ( F I L E C 1 )   . N E .  BLANKS)CO T O  5 

4 F I L E ( 1 )  = 2 H D A  
F I L E ( 2  ) = 2HTA 
IFOFF = 0 . .  , 
NUHRUN = 1 

I F O F F l  = IFOFF + 1 
I F L A C ( 3 )  = 0 
I F ( F I L E < l ) . E Q . O H V A  . A N D .  F I L E < 2 > . E Q . 2 H N D > I F L A G , ( 3 )  = 1 
I F ( F I L E ( l ) . E Q . Z H T A  . A N D .  FILE(2j.EQ.2HPE)IFLAG(3) = 2 

, .  I F ( F I L E ( l ) . E Q . P H D A  . A N D .  F I L E ( 2 ) . E Q . , 2 H T A ) I F L A C O  ., ,, I , .  = 3 
I F L A G ( 4 )   = ' l H E  . 
I F ( I F L A G ( 3 )  . E Q .  l ) I F L A G i b $  = fHP"  ! ' 

NUHRUN = H I N O (  H R X O (  NUHRUN, 1 ) I  5 0  1 

, , .  . .  . .  

5 IF(NUHRUN+IFOFF . G T .  5O)NUHRUN ,.= 5.0 - IFOFF , , 

. . .  
1 .  . .  

- .  , :  

. .  . .  

. . < . .  
s i  

C 
C FIND O U T  I F  T H E S E  R U N S  A R E  T o  BE R E S E ~ I R ' C ~ ~ ' R U N S  ( INTER 'A 'CT ION 
C R N D  PLOTTING  ALLOUED) O R  P R O D U C T I O H  R U H S  . ' 

C 
CALL  DREAD(NAHEFa 7 . a  IL INE '3  ' .  i 

! ?  

. .  

CALL  LERSIYPOS) , . .  I ,  

CALL  CHAR(0. J Y P O S ~ O I I L I N E ~ ~ ~ ~ ~ ~ O ~ >  
CALL  CHCIR(128. r Y P O S , 0 ~ 1 L 1 N E ( 9 ) 1 1 2 , 3 , 0 )  
CALL  CHAR(240. J Y P O S , O ~ I L I N E ( ~ ~ ~ ~ ~ ~ ~ Q ~ . O )  , :  , '  ; I ,  , 

CALL I N ~ l , J T Y P E ~ O . ~ O . ~ O ~ O ~ 0 ~ 0 ~ 3 ~ ~ 0 , ~ 3 1 . , . I X r ~ I Y )  , i  

CALL C H A R C O .  r Y P o S , O , I L I ~ E , 6 4 , O , o >  , 

. ! ,  , ,  . .  . . .  
! 1 ,  

I F (  I X  . LT .   1P)CALL  C H A R (  2 2 4 .  . Y P O S ,  0 ,  I-ERS?  34; O I O ?  I 

I F C I X   . L T .   1 2 ) I F L A G ( l )  = 1 .' ' 

I F < I X . C E . l 2 >  . A N D .  I X ' . L T . l S ) C A L L  C H ~ R ~ ~ ~ O . ' J Y P O S ; O I I E R S , ~ ~ , O ~ O )  

I F C I X . G E . 1 2  . A N D .  I X . L T . ' l S ) C A L L  C H A R ( 3 6 8 . ' , Y P O S ' , 0 4 1 E R S 4 1 6 , 0 , 0 )  

I F C I X  . C E .  l S ) I F L A G ( l )  = 3 
YPOS = Y P O S  - 32. 
I F ( I X  . L T .  1 9 ) 1 0 P T ( 2 )  = 1 
I F ( I O P T ( 2 )  . E B .  0)GO T O  7 - 
G O  T O  1 2  

7 C O N T I N U E  

. .  
' L  . 

. .  . .  . _  

IF(IX.GE.I~ . A N D :  I X . L T . I S ) I F L ~ ~ G ( ~ . )  = 2 . ', 

I F (  I X  . C E .  1 9 ) C A L L  C H A R (  1 2 0 .  I YPOS,  0 ,  I E R S ,  304 0 1  0 )  
I :. : 

. .  
I .  , . 

C 
C FOR P R O D U C T I O N  R U N S ,  R E A D  Il j  T H E  TOP OF THE SURFACE LAYER 
C CIND THE S I G l l A  OF T H E  M I N D  A Z I t l U T H  ANGLE T O  B E  U S E D  FOR ALL RUNS 
C 

I .  

CALL D R E A D ( N A # E F , l l , I L I N E )  
CALL LERSCYPOS 1 

N I N  = 6 
CALL C H A R ( b . , Y P O S , O , I L I H E 1 3 3 1 3 , 3 , O )  

CALL  BLANK( I DATUF, 1 0  ) 
C A L L  I N ~ O ~ J T Y P . E ~ 2 6 3 . ~ Y P O S ~ O I I D A T A F I N I N ~ ~ ' ~ 3 1 , 0 ~ 3 l ~ I X ~ I ~ ~  
CALL C H A R t O .  ,YPOS,O, IL INE,33rO,O)  
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17 LAUNTD(4) - SDT 
c 
C R E A D  I N  THE LAUNCH VEHICLE,  LET I T  DEFAULT I F  N O T  ENTERED, 
C U R I T E  I T -  BACK OUT,  A N D  F I L L  THE V P A R  A R R I Y . U I T H  THE 
C APPROPRIhTE  VEHICLE PARAMETERS 
C 

21   CALL   DREAD(N lHEF, lO , IL IHE)  
CALL  LERSCYPOS) 
CALL CHAR(O.,YPOS,O,ILINE,24,3,0) 
Cl lLL C H A R ~ ~ ~ ~ . ~ Y P O S ~ O ~ I L I N E ( ~ ~ ) I ~ ~ ~ O ~ O )  
CPLL C H A R ( 4 1 6 . ~ Y P O S ~ O ~ I L I N E ( 2 7 ) ~ 1 1 ~ 3 ~ 0 ~  
CALL I N ( l ~ J T Y P E ~ 0 . ~ 0 . ~ 0 ~ 0 1 0 , 0 , 3 1 1 0 , 3 1 1 I X ~ I Y ~  
CALL C H A R ( O . , Y P O S , O ~ I L I N E , ~ ~ , O J O )  
I F (  I X  . L E .   1 5 ) C A L L  C H A R (  3 1 2 . )  Y P O S ,  01 I E R S ,  2 4 8 0 ~ 0 , )  
I F ( I X . C T . 1 5  . A N D .  I X . L T . 2 4 ) C A L L  C H A R ( ~ ~ ~ . , Y P O S ~ O I I E R S ~ ~ ~ , O J O )  
I F ( I X . C T . 1 5  . A N D .  I X . L T . 2 4 ) C A L L  C H A R ( ~ ~ ~ . J Y P O S ~ O , I E R S ~ ~ ~ ~ O , O )  
I F (  I X  . C E .  2 4 ) C I L L  C H A R (  1 9 2 . 1  Y P O S ,  0 ,  I E R S ,  24,0,0,), 
YPOS = YPOS - 3 2 .  
I F C I X   . L E .  15)GO T O  2 5  
I F ( I X  . L E .  23)CO T O  2 4  

c * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
C***+* I F   I O P T ( 3 )  = 0 T H E N  I T  I S  A SHUTTLE  LAUNCH. * * * * * * *  
c * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ~ * * * * * * * * * * ~ * * * * * ~ * * *  

I O F T ( 3 )  = .O 
G O  T O  2 6  

C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * , * * * * * * . * * * * * * * * * * * * * * * * * * * *  
C***** I F   I O P T ( 3 )  = 1 T H E N  I T  IS A T I T A N  LfiUHC.H.8, , * * * * * * *  
c * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * . * * * * * * * * * * 4 * ~ * * * * * * * * * ~ *  

2 4   I O P T ( 3 )  = 1 
G O  T O  2 6  

c * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
C***** I F   I O P T ( 3 )  = 2 T H E N  IT I S  a D E L T A  L A U N C H .  . * * * * * * *  
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ~ * * * * * * * * * * * * * * * * * * * * * ~ * * ~ * * ~ 4 * * * * *  

2 5  I O P T ( 3 )  = 2 
26 I = I O P T ( 3 )  t 1 

C 
C F I L L  THE V P A R  C l R R A Y  
c 

D O  2 8  J = l  , 1 8  
28  VPARCJ) = V P A R S ( J , I )  

C 
C C H A N C E  I N  B O T T O H  LclYER U I T H  TOTAL  REFLECTION? 
C 

CALL  DREAD(NAHEF, lS, IL INE) 
CALL  LERSCYPOS) 

Y P O S  Y P O S  - 3 2 .  

CALL  LERS(YP0S) 

CALL  CHAR(0. J Y P O S , O ~ I L I N E , ~ ~ I ~ ~ O )  

CALL D R E A D (  NAHEF, 1 6 ,  I L I N E )  

CALL C H A R ( ~ ~ . , Y P O S I O ~ I L I H E ( ~ ) I ~ ~ , ~ , ~ )  
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C 
C 
c 

29 

C 
C 
C 

30 

C 
C 
C 

C 
C 

CALL C H A R ~ ~ ~ ~ . ~ Y P O S J O ~ I L I M E ~ ~ ~ ~ I ~ ~ I O ~ O ~  
CALL I M < ~ J J T Y P E J O . ~ O . ~ O J O J O J O I ~ ~ I O I ~ ~ J I X ~ I Y )  
CALL C H A R ~ O . I Y P O S J O J I E R S I ~ ~ J O I O )  
Y P  = YPOS 
YPOS = YPOS - 32.'0 

DEFAULT H E I G H T  CRLCULATION Z t ? .  

CALL D R E A D ( N A H E F J ~ ~ J I L I N E )  
CALL LERSCYPOS 1 

N I N  = 6 
CALL C H F I R C ~ ~ . , Y P O S I Q I I L I N E ( ~ ) J ~ ~ I ~ I ~ )  

CALL  BLANK(IDATf iFI10)  
CALL I N C ~ I J T Y P E ~ ~ ~ ~ . ~ Y P O S ~ O J I D F I T A F J N I N J O ~ ~ ~ I O ~ ~ ~ ~ I X ~ I Y ~  

. .  

CALL C O D E  
R E A D  ( I D A T A F J * )  ZZ 
CALL C H A R C O . J Y P O S J O J I E R S J I ~ J O J O ~  
CALL C H A R ( ~ ~ . ~ Y P O S ~ O J I L I N E ~ ~ ~ J ~ O ~ ~ ~ ~ )  
Y P O S  = YPOS - 32. 

ENTER SURFACE REFLECTION? 
. .  . 
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C 

c 
c 
C 

3 1  

32  

34 
C 
C 
C 

CALL  DREAD<NA#EFJLSIILINE) 
CALL  LERS(YP0S) 
CALL C H A R ( O . I Y P O S I O J I L I N E J ~ ~ , ~ J O )  
CALL C H ~ ~ R ( ~ ~ ~ . I Y P O S I O I I L I N E ( ~ ~ ) I ~ , ~ ~ O )  
CALL C H A R ~ ~ ~ ~ . I Y P O S ~ O J I L I M E ~ ~ O ~ ~ ~ ~ O J O )  
CALL I N ~ ~ , J T Y P E J O . ~ O . J O ~ Q ~ O ~ O ~ ~ ~ ~ O ~ ~ ~ ~ I X J I Y ~  
CALL C H A R ~ O . I Y P O S I O ~ I L I N E J ~ ~ ~ O ~ O )  
I F C I X   . L E .  2S)REFLEC = 1 . 0  

I F C I X   . L E .  25)GO T 0 , 3 4  

Y P O S  = YPOS - 3 2 .  

I F ( I X   . L E .   2 5 ) C A L L  C H A R ~ ~ ~ ~ . , Y P O S I O , I E R S J ~ ~ O , ~ )  

CALL C H ~ R ( ~ ~ ~ . O J Y P O S J O I I E R S I ~ J O , O )  

W R I T E  OUT. R f  VALUES FOR- SELECTIOM 

CALL  DREAD(NAHEF120,ILINE) 
CALL L E R S ( Y P O S )  
CALL C H A R ( O . I Y P O S I O I I L I N E J ~ ~ ~ I ~ , O )  

"I 

N I N  = 4 
CALL  BLANK<IDATAFI lO)  
CALL I N ~ ~ ~ J T Y P E ~ ~ ~ ~ . ~ Y P O S J O J I D ~ T ~ ~ F ~ M I ~ J ~ ~ ~ ~ ~ ~ J ~ ~ J I X ~ I ~ ~  
I F t J T Y P E   . N E .  0 ) C O  T O  3 1  
CALL CODE 
REnD ( I D A T A F , * )  REFLEC 
G O  T O  3 2  
I X  = I X / 2  
I F < I X   . E Q .  1 )REFLEC = 0 . 8  
I F ( I X  .EQ.  3)REFLEC = 0 . 7  
I F ( I X   . E Q .   5 ) R E F L E C  = 0 . 5  
I F ( I X  . E Q .  7)REFLEC = 0 . 3  
I F t I X   . E Q .  9)REFLEC = 0 . 1  
I F ( I X  .EQ.   1 l )REFLEC = 0 . 0  
CALL CODE 
YRITE ( IDATAF,   110)  REFLEC 
CALL C H A R ( O . , Y P O S I O I I E R S I ~ ~ I O I O ~  
CALL  CHAR(48. J YPOs, 0 1  I L I N E I  6 1 0 ~ 0 )  
CALL C H A R ( ~ ~ . I Y P O S I O J I D A T A F ~ ~ ~ ~ . ~ ~ )  
IFCJTYPE. .NE:O)GO T O  34 
CALL. CODE 

Y P O S  YP.0S - 32. READ < I D A T I F , *  ) REFLEC 

DEFAULT H E I G H T  O F  BASE  LAYER? 

CALL D R E A D (  HAHEFJ  21 1 I L I N E )  
CALL L E R S < Y P O S )  
C A L L ' C H A R C O . I Y P O S I O I I L I N E , ~ ~ I ~ J O )  
CALL  CHAR(384. IYPOSIOI  I L I N E ( ~ ? ~ ) J ~ J ~ I O )  
CALL  CHARC464. I Y P O S J O J  I L I N E ( 3 0 ) l  61 0 1 0  1 
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c 
C 
c 

36 

37 

3 8  
C 
C 
C 

C 
C 
C 

CkLL I H ( ~ ~ J T Y P E ~ O . ~ ~ . ~ ~ ~ ~ ~ O ~ O ~ ~ ~ ~ O J ~ ~ ~ I X ~ I Y )  
CALL C H A R ( O . I Y P O S I O I I L I N E , ~ ~ , O , ~ )  
I F ( I X   . L E .   2 5 ) C c I L L  C H A R ( ~ ~ ~ . ~ Y P O S , O I I E R S ~ ~ ~ O ~ O )  
I F ( 1 X  . L E .  25)CU TO 36 

YPOS = YPOS - 32. 
CALL L E R S ( Y P 0 S  1 

CALL C H A R ( ~ ~ ~ . I Y P O S I O I   I E R S I 8 , O I Q )  

CCILL D R E A D ~ N B H E F 1 2 2 , I L I N E )  

CCILL C H A R ( ~ ~ . ~ Y P O S ~ Q ~ I L I N E ( ~ ~ , ~ ~ I ~ ~ O )  

ENTER  HEIGHT  OF  B f rSE LAYER 
. .  

N I N  = 6 
ChLL B L A N K (   I D A T F l F I 1 0 )  
CALL I N ~ O ~ J T Y P E ~ ~ ~ ~ . ~ Y P O S I ~ I I ~ A T ~ F ~ N I N ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I I % ~ I Y ~  
CFlLL  CODE 
R E k D   ( I D A T c I F l * )  2 8  
CALL C H A R ( ~ ~ . ~ Y P O S I O I I L I N , E ( ~ ~ I ~ O J O I O )  
YPOS = YPOS - 32. 
G O  TO 3 8  
Z B  = 0 . 0  
G O  TO 3 8  
CALL C H U R ( O . I Y P O S I Q I I E R S , ~ ~ I O ~ O )  

YPOS = YPOS - 32. 
C O N T I N U E  

CRLL C H A R C O . J Y P O S , O ~ I L I N E , S ~ I ~ , Q ~  

D O  LOOP ON THE  RUN  NUNBER 

D O  7 9  R U N N U H = l I N U H R U N  

SET UP T H E   F I L E   N l r H E  FOR T H I S ' R U H ,  G E T  T H E  C U R R E N T   T I H E ]  
&NO W R I T E  OUT T H E  HEADER 

F I L E ( 3 )  = F D I C I T ( R U N N U f l + I F O F F 3  ' 

CCILL CETTDC I T I M E ~ I D A Y I # O N T H I I Y E A R )  . 
I = I O P T ( 3 )  + 1 . .  

Y R I T E  ( 6 1 2 0 0 )  R U N N U H , ~ F ~ I L E ( J ) I J = ~ , ~ ) , ~ ~ N ~ H E S ( J , I ~ I J = ~ , ~ )  
I F ( L T 1 H E ) Y R I T E  ( 6 1 2 0 1 )  L T I H ~ L R U N T D ( ~ ) I L A U N T D O , L D ~ I Y I L H O N ( ~  1 1  

L M O H ( 2  ) I  LYEAR 
U R I T E  ( 6 , 2 0 2 )  I T I H E , L A U N T D ( 4 ) s I D A Y I n O H T H , I Y E A R  

C 
C I F  THE DCITA I S  ON A D I S K   F I L E ,  REFlD. F R O H   D I S K  -- I F   I T  
C IS O N  T A P E ]   R E A D  I T  A S  KSC 1 9 6 5   O A T A  1.H S U B R O U T I N E  KSC65 
C 

I F ( I F L A G ( 3 )   . N E .  2 ) C O  TO 3 9  

I F O F F l  = 1 
I F C I E O F  . E Q .  1 ) G O  T O  8 1  
I F C I E O F   . E Q .  2 ) C O  TO 7 9  

CALL K S C 6 S (   I B U F ,   I A L T ,   D P T E H P ]   I F O F F l  I I E O F  3 
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G O  TO 4 8  
C 
c OPEN  THE  DATA F I L E  FOR T H I S   R U N  
C 

39 CALL O P E N ( I D C B I I E R R I F I L E I O , O , ~ J ~ ~ ~ I  
I ' F C I E R R   . G E .   0 ) G O  TO 4 0  

G O  T O  7 9  
U R I T E   ( 6 , 2 0 3 )   I E R R  

C 
c REI ID  THE  HEADINGS FRO# T H E   D R T A   F I L E ,   S E T T I N G  UP THE 
C A P P R O P R I A T E   P A R A H E T E R S  
C 

4 0  CALL R E A D F C   I D C B ,   I E R R ,   I B U F ,   4 0 , L E N )  
I F ( 1 E R R  . G E .  0 ) G O  TO 4 2  

G O  T O  7 9  
4 1   Y R I T E   ( 6 , 2 0 4 )   I E R R  

4 2  I F ( I B U F ( 1 )   . N E .   T E I G O  TO 4 0  
43 U R I f E   ( 6 , 2 0 5 )   ( I B U F ( I ) , I = I , L E N )  

CALL R E A D F (   I D C B ,   I E R R ,   I B U F ,   4 0 ,   L E N )  
I F ( 1 E R R   . L T .  $ ) G O  T O  4 1  
I f ( I B U F ( l ) . N E . R f I  . A N D .  I B U F ( l ) . N E . F O ) G O  T O  4 3  
I O P T ( 1 )  = 0 
I F ( I B U F ( 1 )   . E P .   F O l I O P T ( 1 )  = 1 
Y R I T E  ( 6 , 2 0 5 )  ( I B U F ( I ) , I = l , L E N )  
CALL R E F I D F (   I D C B ,   I E R R ,   I B U F ,   4 0 ,   L E N )  
I F ( 1 E R R   . L T .  O ) G O  T O  4 1  
W R I T E  ( 6 . 3 2 0 5 )  ( I B U F ( I ) , I = l , L E N I  

C 
& R E I D   T H E   S O U N D I N C / F O R E C I S T   T I H E  
C 

CALL R E A D F C   I D C B ,   I E R R ,   I B U F ,  4) 
I F < I E R R   . L T .  0 ) C O  T O  4 1  
CALL CODE 
R E A D  ( I B U F , 1 0 4 )  I S T I H ~ I S D A Y ~ I S M O N ~ l ~ I I S n O H o 1 1 S Y E A R  

C 
C CHFiNGE TO EST O R  E D T   D E P E N D I N G  O N  L A U N C H   T I M E  
C 

I S T I H  = I S T I H  - 5 6 0  
I F ( I F L A G ( 3 )   . E Q .   1 ) I S T I H  = I S T I H  - 3 0 0  
I F ( L A U N T D ( 4 )   . N E .   2 H S T ) I S T I I I  = I S T I H  + 100  
I F ( 1 S T I H  . C T .  0 ) G O  T O  4 4  
I S T I H  = 2 4 0 0  + I S T I M  
I S D A Y  = I S D R Y  - 1 

C 
C U R I T E  OUT T H E   N E X T   L I N E  OF THE  HEADER 
C 

4 4  CALL R E A D F I   I D C B ,   I E R R ,   I B U F ,   4 0 1   L E N  
I F C I E R R   . L T .   0 ) G O  T O  4 1  
W R I T E  (6,205) ( I B U F I I ) , I = l , L E N )  

C 
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I- 

c 
C 

c 
C 
5: 
c 

4 5  

c 
c 
c 
C 

4 6  

4 7  ' 
c 
C 
C 

4 8  

4 9  
51 
c 
c 

5 1  

52 

I d R I T E   O U T   T H E   S O U N D I H G t F O R E C R S T   T I H E  

b J R I T E  ( 6 , 2 0 6 i  I S T I ~ ~ I F L R G ~ 4 ~ , L A U N T D ~ 4 ~ , I S M O H ( I > , I S H O ~ ~ 2 ~ ,  
I S Y E A R  

F I N D   T H E   F I R S T   D A T A   P O I N T   W I T H  AH A L T I T U D E   O F  10 F E E T  
O R  ABOVE 

CkLL R E A D F (   I D C B ,   I E R R ,   I B U F I   4 0 1   L E N )  
I F C I E R R   . L T .  $ ) G O  T O  4 1  
CkLL BZZ( I B U F i  1 ) ,  J )  
I F ( J . L T . Z E R O 0  . O R .  J . G T . N I N E ' 3 ) G O   T O  4 5  
CALL CODE 
R E G 5  ( I B U F > l O S )  I A L T ~ l ~ ~ I D I R ~ I > ~ S P E E D ~ l ~ ~ T E H P ~ 1 ~ . ~ D P T E ) 1 P ~ 1 ~ ~  

P R E S S (  1 >, SURDEN 
I F ( I A L T ( I )   . L T .  l O > C O  TO 4 5  

T R Y  TO F I N D  A T O T k L  OF 3 0  D R T A   P O I N T S   W I T H   A L T I T U D E S  
GETWEEN 2 4  FT  AND 1 0 , 0 0 0  F T   I H C L U S I V E  

N U M  = 1 
D O  4 7  1 = 2 , 3 0  
CriLL R E r i D F C   I D C B ,   I E R R ,   I G U F , 4 0 , L E N )  
I F ( I E R R . L T . 0  . A N D .  I E R R . N € . - 1 2 ) G O  T O  4 1  
I F ( 1 E N   . E a .  - 1 ) G O  T O  4 8  

I F ( J . L T . Z E R O 0  . O R .  J . G T . N I N E 9 ) G O  T O  4 6  
CALL C O D E  

CHLL E Z Z (  I B U F (  1 5 ,  J 1 

R E A D  ( I E U F 1 1 0 5 )  I A L T ~ I ) , I D I R ~ ~ ) , S P E E D ~ I ) I T E # P ~ I > ~ D P T E I I P ( I ~ ,  
P R E S S (  I) 

I F ( I U L T ( I ) . L T . P O  . O R .  I A L T C I ) . G T . l 0 0 0 0 ) G O  T O  4 6  
t.4 U M = I 

Z E R O  O U T   T H E   R E M A I N I N G   E L E H E N T S   O F   T H E   A R R A Y S  

WUMl = N U #  + 1 
I F C N U H 1   . G T .  3 0 ) G O  TO 5 1  

ALTC 1 )  = 0 . 0  
I D I R C I )  = 0 
S P E E D ( J )  = 0 . 0  
T E M F ( 1 )  = 6 . 0  
D P T E M P (  I 1  = 0 . 0  
PRESS( I = 0 . O  

EO 4 3  I = H I J # l , J O  

C O N V E R T   T O   M E T R I C   U N I T S  

D O  5 2  I = l , N U #  
d L T l   1 )  = 0 . 3 0 4 8  * F L O A T (  I A L T (  I)) 
S P E E D (  I ) = 0 . 5 1 5  * S P E E D ( 1  > 
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C 
C ' S Q R T  ALL T H E   D A T A   P O I N T S  SO THEY  APPEnR 'It4 A S C E H D I H C  
C ORDER OF A L T I T U D E  
C 

H U H 1  NUH - 1 

J J  HUH - I 
J l = J + l  
I F ( A L T < J )   . L E .   A L T C J 1 ) ) C O  TO 57 
A R C .  = A L T (  J 1 
A L T (  J ' )  = A L T ( J 1 )  
A L T C J 1 )  = ClRC 
I A R C  = I D I R C  J )  
I D I R C J )  = I D I R < J l )  
I D I R ( J 1 )  = I A R C  
ARC = S P E E D ( J 1  
S P E E D (  J )  = SPEED< J1 ) 
SPEED(  J 1 )  = ARC 
A R C  = T E H P ( J )  
T E H P t J  ) = T E H P ( J 1  ) 
T E N P ( J 1 )  = ARC 
ARC = D P T E H P ( J  ) 
D P T E f l P (  J )  = DPTEHP(  J 1  ) 
D P T E # P (  J 1  1 = A R C  
ARG = PRESS(  J )  
PRESS(  J ) = PRESS(  J 1  1 
PRESS(  J 1 )  = ARC 

DO 5 8  I = l , H U H l  

D O  5 7  J Z l t J J  

57 C O N T I N U E  
58  C O N T I N U E  

C 

C 
C C A L C U L A T E  THE P O T E N T I A L   T E H P E R A T U R E  

D O  6 2  I = I , N U H  
6 2  P T E H P ( ' 1 )  = ( T E D I P ( 1 )  + 2 7 3 . 1 5 )  * ( ( 1 0 0 0 . Q / P R E S S ( I ) ) * * 0 . 2 8 8 )  

C 
C Y R I T E   T H E   H E R D E R  FOR SOUNDING O R  FORECAST 
C 

I F C I O P T ( 1 )  . E Q .  1 ) C O  TO 6 4  

G O  T O  6 5  
U R I T E  ( 6 1  2 0 7 )  

6 4  U R I T E  ( 6 1 2 0 8 )  
C 
C U R I T E   T H E   S U R F A C E   D E N S I T Y  AND A L L   T H E   D A T A   P O I N T S  
C 

6 5  U R I T E  ( 6 . 2 0 9 )  SURDEN 
Y R I T E   ( 6 , 2 1 0 )  
D O  6 8  I = l p N U H  
I f i L T F  = 3 . 2 8 1  ' *  A L T < I )  + 0 . 5  
I A L T H  = R L T ( 1 )  + 0 . 5  
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6 8  

C 
C 
C 

C 
C 
C 

C 
C 
C 

c 
C 
c 

79 

81  

c 
C 
c 

C 
C 
C 

8 2  

c 
C 
C 

CIPTEMP = P T E H P C I )  - 2 7 3 . 1 5  
U R I T E  ( 6 , 2 1 1 )  I ~ ~ C I L T F ~ I A L T M ~ I D I R ~ I ~ J S ~ € E ~ ~ I ~ ~ T € ~ P ~ I ~ ~  

A P T E H P ,  D P T E H P (  I ), PRESS( I > 

CLOSE  THE DCITCI F I L E  

CALL CLOSEC I D C B )  

TRCIHSFER TO THE  PROGRfiH R C L D R  - -  THE  CLOUD  RISE  PROGRAM 
. ,  ' .  

CALL N C R A F  
8 .  . . .  

CALL R U D I S < H A H E ,  1 )  
CkLL E X E C C S r R C L D R )  
CALL RWDI  SC'NAHE, 0 > 

., 3 

CALL G R A F C  1 ) , .  

PROCESS  THE  HEXT R U N  

C O N T I N U E  

T E R M I N A T E  O F  PROCESS # O R E  D A T A ?  

T E R M I N A T E   E X E C U T I O N  .. 

DELAY  BEFORE  CLEEIRINC  SCOPE 

ChLL E X E C ( l l , J J T I l l >  
J J = J J T I M ( Z )  
I F I J J . G T . 5 5 1  J J  = 5  
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'85 C A L L  E X E C ( 1 1 a J J T I H )  
I F ( J J t 5  . G T .  JJTIM(2))CO T O  85 

c 
C R E I H I T I l L I Z E   S C O P E  N O R H R L  O P E R b T I O N  A N D  S T O P  

C A L L  H G R A F  
S T O P  

C 
C E N D  OF R E E D  
C 

E H D  
S U B R O 1 I T I t i E  K S C 6 5 (  I B U F ,   I Q L T I D P T E H P I   I M U H T J I E O F )  
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C 

C 
I: I H I T I A L I Z E   T H E   C O U N T E R   F O R   T H E   N U H B E R  OF SETS  OF  DATCI  TO 0 
C 

C 

C 

C 
C I F  A N   E O F  O M  T A P E ,   S E T   T H E   E O F  FLAG AND  RETURN 
C 

O I H E N S I O N   I B U F C I   ) r I A L T C l   ) , D P T E H P ( l ) .  

I C O T  = 0 

C R E A D   ' D A T A   F R 0 . H   T A P E  

4 R E A D  ( g , i O O O )  ( I B U F ( I ) , i = 1 , 4 0 )  

C A L L   E X E C ( 1 3 , 8 , I E Q T S )  
I E O F  I A N D C   I S H I F ( I E Q T S , - 7 ) , 1  > 
I F (   I E O F  . E Q .  1 ) R E T U R N  

C 
C K E E P   R E A D I N G   U N T I L   T H E   S T E I N D A R D   L E V E L   D A T A   I S   F O U N D  
n 

7 

C 
C 
C 

C 
C 
C 

C 
C 
C 

1 1  

c 
C 
C 

15 

I F ( I B U F < 2 )   . N E .   2 H S T ) G O  TO 4 

I F C I B U F < l   ) . N E . P H C A  . O R .  I B U F ( 2 ) . E P . 2 H S T ) G O   T U  7 
R E A D  ( 8 ~ 1 0 0 0 )  C I B U F < I ) r I = l r 4 0 )  

R E A D   T H E   S O U N D I N G I F O R E C A S T   T I M E  

R E A D  < 8 ~ 1 0 0 1 )  I S T I ~ J I S D A Y I I S ~ ~ O N ( ~ ) , I S ~ ~ ~ H ~ ~ ~ , I ~ Y E ~ R  

CHANGE  TO  EST O R  E D T   D E P E H D I N G  ON L A U N C H   T I H E  

I S T I N  = I S T I H  - 5 0 0  
I F ( I F L A G ( 3 )  . E Q .  1 ) I S T I t l  = I S T I t !  - 3 0 0  
I F ( L A U H T D ~ . : 4 )  . N E .  2 H S T ) I S T I M  = I S T I M  + 1 0 0  
I F l I S T I M  . G T .  O S G O  TO 1 1  
I S T I M  = 2 4 0 0  + I S T I H  
I s b a y  = ISDAY - 1 

F I N D   T H E   K E Y   U O R D   A L T I T U D E  

R E A D  ( 8 ~ 1 0 0 0 )  ( I B U F ( I ) , I = 1 , 4 0 )  
I F ( I B U F 1 2 )   . E Q .   2 H S T ) G O   T U  7 
I F < I E U F ( l )   . N E .   2 H B L ) G O  TO 11 

L I t l I T   D A T A  TO 3 0  P O I N T S  -- R E A D   T H E   S T A N D A R D   L E V E L   D A T R  

DO 1 9  I=1,30 
R E A D  ( 8 , 1 0 0 2 )  I A L T ~ I ~ , I D I R ~ I ~ ~ S P E E D ~ , T E ~ P C I ) ~ D P T E ~ P ~ I ~ J D P T E ~ P ~ I ~ ~ P R E S S ~ I ~ ~  

SURDN 
I F ( S P E E D (  I ) .  EQ .999.0 . O R .  I D I R (  I ) .  E Q .  999)GO TO 15  
I F I I D I R ( 1 )   . E Q .   3 6 . O ) I D I R ( I )  = 0 
I F C I   . E a .   1 r S U R D E H  = SURDH 
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I F ( I A L T ( 1 )   . G T .  10000)GO T O  2 2  
19 C O N T I N U E  
2 2  N U H  = I 

I F C N U M   . G T .  3 0 1 6 0  T O   3 4  
C 
C F I N D   T H E .   K E Y   Y O R D   H A N D A T O R Y  
C 

2 5  R E A D  ( 8 , 1 0 0 0 )  ( I B U F ( 1 ) 1 1 = 1 , 4 0 )  
IfCIBUF(2) . E Q .  2HST)GO TO 7 
I F ( I B U F < l O ) . N E . 2 H O R  . A N D .  I B U F ( I S ) . N E . 2 H O R ) G O   T O  25 
R E A D  ( . 8 , 1 0 0 0 )  I 

C 
C L I t l I T   D A T A  TO 30 P O I N T S  -- R E A D   T H E   M A N D A T O R Y   L E V E L   D A T A  
C 

D O  2 9  I = N U H ,  3 4  
2 7  R E A D  ( 8 , 1 0 0 2 )  I A L T < I ~ ~ I D I R ~ I ) , S P E E D ~ I ~ , T E n P ( I ~ , P R E S S ~ I ~  

I F Q S , P E E D (  I). EQ . 9 9 9 . 0  . O R .   I D I R (  I ) .  E Q .  999)GO TO 27  
I F C I D I R ( 1 )   . E Q .   3 C O ) I D I R ( I )  = 0 
I F ( I A L T ( 1 )   . C T .  1 0 0 0 0 ) G O  T O  3 4  

2 9  C O N T I N U E  
C 
C NUI l  IS T H E  NUHBER OF D A T A  P O I N T S  
C 

C 
C -   I N C R E M E N T   T H E   C O U N T E R  - -  I F  T H I S   I S   T H E   S E T   O F   D A T A   D E S I R E D ,  
C M R I T E   O U T   T H E   S O U N D I N G / F O R E C A S T   T I M E  - -  O T H E R Y I S E   G E T   T H E   N E X T  
C S E T  
C 

3 4  N O M  = I - 1 

1CO.T = I C O T  t 1 
IF( ’ ICOT’ . L T .  IWANTICO T O  4 

C 
C U R I T E   O U T   T H E   S O U H D I N G / F O R E C A S T   T I M E  
C 

I I R I T E  ( 6 , 2 0 0 0 )  I S T I M ~ I F L A G ( 4 ~ r L A U N T D ~ 4 ~ ~ l S D ~ Y ~ I ~ M O N o I Z S ~ O N ~ ~ ~ ~  
I S Y E A R  

C 
C T H E R E  M U S T  B E  5 O R  # O R E   D A T A   P O I N T S   F O R   T H I S   T O   B E  A V A L I D   S E T  
C OF D A T A  I F  T H E R E  IS H O T ,  R E T U R N   W I T H   I E O F = 2  
C 

I F ( N U H .  .GE. 5 ) R E T U R N  
I E O F  = 2 
R E T U R N  

C 
C E N D  OF KSC65 
C 

E N D  
S U B R O U T I N E   R Y D I S ( N A H E ,  J J )  
C O H H O N  A L T ( 3 l ) ~ A L l , C O N H A X ~ C O N C P K , D E C R I D I A D I R ~ D O S P K , E l , C L ~ H T ~  

I D I R ~ 3 l ~ ~ I O P T ~ 3 ~ , I T I H E ~ I D A Y ~ t l O N T H ~ 2 ~ ~ I Y E A R ~ I S T I H ~ I S D A ~ ~  
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I S M O N ~ 2 ~ ~ I S Y E ~ R ~ I V 2 ~ J T O P ~ J B O T ~ L R U ~ T D ~ l O ~ ~ L T I H E ~ L T I H ~ L D A Y ~  
L H O N ( ~ ) , L Y E ~ R , L U I N U M ; P I ~ P I ~ V R ~ J P I ~ ~ J P R E S S ( ~ ~  ) J P T E H P ( 3 1  >, 
S I C H C L , R A D D E C J R A T O H C , C L D R A D I R ~ , R ~ , S R V E A ~ ~ ~ ~ , S A ~ E R ( ~ O ) J S I C A ,  
S I C X O J S I C X , S P E E D ( ~ ~ ~ J S Q R ~ P I I S U R D E N , S I G Z O , S I G A P , S ~ J T E ~ P ( ~ ~  ), 
T O P S U R ~ T U O P I ~ A S P D ~ V P A R C 1 8 ) , C R T I ~ E ~ 3 l ~ ~ D I S T ~ Y E S ~ Y l ~ ~ U N R U N ~  ' 

Y P O S J   I F L A G C J  Z B J  2 2 ,  R E F L E C ,   I R E T R N  
L O C I C c l L  L T I H E  
I N T E G E R  Y E S  . .  
E Q U I V A L E N C E  ( ~ C ~ , V P A R ( ~ ) ) ~ ( B C ~ , V P A R ( ~ ) ~ J ( Q C ~ J V P A R ( ~ ) ) ,  

C ~ T ~ , Y P A R ( ~ ) ) J ( ~ T Z I V P A R ~ ~ } ~ , { Q T ~ J ~ P R R ~ ~ ~ } ,  
~ ~ I , V P A R ( 7 ) j , ( B B I V P A R ( 8 ~ j , ( C ~ J V P A ~ ( 9 j ) ,  
~ H E A T N J V P A R ( ~ O ) ) I I H E A T ~ , V P ~ R ~ I ~ ) ) J ( H E R T R , V P E ~ R ~ ~ ~ ) ) J  
I P H C L ~ V P A R ~ l 3 ) ~ , ( P C O ~ V P E l R ~ l 4 ) ) ~ ~ P C O 2 , V P ~ R ~ l S ~ ~ ~  
( P A L ~ ~ ~ J V P ~ R ( ~ ~ ) ) J ( P N O , ~ P A R ( ~ ~ ) ~ , ( G R M ~ A X , V P A R C ~ ~ > ~  

I NTEGER  ODCBC 1 4 4  ) J O B U F (  6 6 9  ) 
D I M E N S I O N   H A t I E ( 3 )  
E Q U I V A L E N C E   ( O B U F (  1 )I ALTC 1 ) )  
C Q L L   O P E N C O D C B , I E R R , H A H E , O )  
I F C J J . E Q . 1 ) C A L L  W R I T F ( U D C B , I E R R , O B U F , 6 6 9 ~  
1 F I J J . E Q . O ) C A L L   R E A D F ( O D C B ,   I E R R , O B U F J ~ ~ ~ )  
CALL C L O S E C   O D C B ,   I E R R )  
R E T U R N  
E N D  
S U B R O U T I N E  C E T T D ( I T I H E , I D A Y ~ ? l O N T H ~ I Y E ~ R )  

C 
c * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ~ * * * * ~ * * * * * * * * * * *  
C 
C T H I S   S U B R O U T I N E   R E T U R N S   T H E   C U R R E N T   T I N E ,   D A Y ,   H O N T H ,   A N D   Y E A R  
C 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C 
C 
C T Y P E   A N D   D I I I E N S I O N   S T A T E H E N T S  
C 

I N T E G E R   D A Y I I O N ( l 2 )  
D I H E N S I U N  H O N T H ( ~ ) , H O N T H S C ~ J ~ ~ ) , I T C S ~  

C 
C D A T A   S T I T E H E N T S  
C 

D R T A  H O N T H S / ~ H J ~ ~ , ~ H N , ~ H F E , ~ H B J ~ H H A , ~ H R , ~ H A P , ~ H R ,  
~ H H R J   I H Y , P H J U ,   ~ H N J ~ H J U J ~ H L , ~ H A U I   1 H G ,  
~ H S E ~ ~ H P ~ ~ H O C ~ ~ H T , ~ H N O ~ ~ H V J ~ H D E J ~ H C /  

D A T A  D B Y M O N / ~ i ~ 2 8 , 3 1 ~ 3 O , 3 1 ~ 3 O J 3 ~ , 3 ~ , 3 O ~ 3 1 ~ 3 O , 3 1 /  
C 
C 
C 

CALL E X E C   T O   R E T U R N   C U R R E N T   T I H E J   J U L I A N   D A Y ,   A H D  YEElR 

C l L L   E X E C (  11 8 I T ,  I YEAR ) 
C 
C 
c 

I .  

U S E   J U S T   H O U R S   A N D   M I N U T E S   F O R   T H E   T I N E  
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C 
C 
C 

C 
C 
C 

C 
c 
c 

C 
C 
c 

H A K E   A P P R O P R I R T E   A D J U S T H E N T S  I F  T H I S  IS R LEEIP. Y E R R  

D A Y t l O N C 2 )  = 28 
I = I Y E A R i 4  
I F ( 4 * I  .Ea. I Y E Q R ) D A Y H O N < 2 )  = 2 9  

C O N V E R T   T H E   J U L I A H  D A Y  I N T O  A MONTH A N D  A D A Y  

I D A Y  = I T ( 5 )  

I D A Y  = I D A Y  - D A Y H O N ( 1 )  
D O  7 I = 1 , 1 2  

I F C I D A Y  . L E .  o ) e o  T O  1 2  
7 C O N T I N U E  

1 2   I D A Y  = I D A Y  t D A Y H O N ( 1 )  
t lONTH(  1 )  = PlOHTHS< 1 I I > 
HONTH( 2 = H O N T H S ( 2  > I )  

R E T U R N  T O  THE  CCILLIHG  PROGRAH 

RETURN 

END OF G E T T D  

END 
S U B R O U T I W E  B2Z(IA,IB) 
I B  = I A N D < I A , 1 7 7 4 0 0 B )  
I F C I B   . E Q .   0 2 0 0 0 0 B ) I B  = 030000B 

I F C I C   . E B .   0 0 0 0 4 0 B ) I C  = 0 0 0 0 6 0 B  

RETURN 
END 

I C  = I A N D I I A , 0 0 0 3 7 7 B )  

I B  = I O R ( I 8 ,  IC) 

S U B R O U T I N E   D R E A D ( N ~ n E F , L N U # , I L I N E )  
D I H E N S I O H   t . I A M E F ( S ) ,   I D C B ( 2 7 C > ,  I B U F ( 4 0 ) , 1 L I N E ( 3 2 ) , I P A R ( S )  
C A L L   R f l P A R (  I P A R )  
L U  = I P U R { l )  
C A L L   O P E N ( i D C B , I E R R , N A n E F , 0 )  
LOOP = LHUM - 1 
D O  20 I = l , L O O P  
CALL B L A N K (  I B U F 1 4 0 )  
C A L L   R E A D F C   I D C B ,   I E R R ,   I B U F )  

10 C O N T I N U E  
C A L L   B L A N K (   I B U F 1 4 O )  
C A L L   R E A D F (   I D C B ,  I E R R ,  I B U F )  
CQLL  CODE 
R E A D t I B U F , 1 0 0 )   ( 1 L , I H E ( 1 ) 1 1 = 1 , 3 2 )  

1 0 0  FORMAT(  3 2 A 2  ) 
CALL C L O S E (   I D C B ,   I E R R )  



R E T U R N  
E N D  

D I M E N S I O N   I B U F C 4 0 )  
D R T R   I B L K i 2 H  1 

S U G R O U T   I N E   B L A N K (   I B U F  I I 1  ) 

D O  1 0  I=l,II 
10 I B U F C I )  = I B L K  

R E T U R N  
E N D  
S U k R O U T  I N E  LERSt  Y P O S )  
D I H E N S  I ON I E R S <  3 2  
D A T R   I E R S / 3 2 * 2 H  / 
I F t Y F O S . L E . 4 8 i  Y P O S  = 458.0 
CALL C H A R C O . J Y P O S , O J I E R S > ~ ~ J O I O )  
C R L L  C H A R C O .   , Y F O S - l L .  1 0 1  I E R S I C ~ J ~ D Q )  
R E T U R N  
E N D  
E N D $  
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. . ." .. . . . .. - . "_ " "" - ... 

FTf.14, L 

C 
C * * * * ~ * * * * ~ * * * * ~ f * ~ * * ~ * * * * * * ~ ~ ~ * * * * ~ ~ , * ~ * * * * * * * * * * * ~ * * * * * * ~ * * * * ~ * * * ~ * * * * *  
C 

C P R U G R r l M S  
C 
c * * * ~ * * * ~ * * * * C * * * * * * * * * * t * * % * * ~ * . * * ~ * ~ * ~ ~ ~ ~ ~ * * * * ~ * * * * : ~ * * * * * * ~ ~ * * * * * * * * * * * * *  

c 

P R O C R f i M   R C L D R  

C C L O U D  RISE P R O G R A M  --  A P R O G R A H  IN T H E  R E E D  SERIES OF 
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2 0 5  F O R M A T   ( / / " O * * * * T O P  O F  S U R F A C E   L A Y E R   H E T E O R O L O G I C A L   P A R A H E T E R S "  
lfi****ll/ 

L X " H E I G H T ( H  ) :  'F6.11'  
6 - X " U I N D   D I R E C T I O N ( D E G ) :  " 1 3 )  
6 X ' W I N D   S P E E D ( f l / S E C ) :   " F 4 . 1 )  

6 X " M E A N   S P E E D (   M / S E C  ) :  " F 4 .  l /  
6 X " f l E A N   T R A N S P O R T   D I R E C T I O N ( D E C 1 :  "F5.1 ) 

2 0 6  F O R M A T   < / / " O * * * * D I F F U S I O N   P A R A M E T E R S * * * * " /  

2 0 7  F O R M A T  (F3.0) 
208 F O R H A T  < / / " O S I G H A  OF M I N D   k Z I M U T H  A N G L E . .   S I C A :  ' F 4 . 1 )  
209 F O R M A T  ! / / " O E F F E C T I Y E   C L O U D   H E I G H T t W ) :  " F 6 . 1 )  

c 
c T Y P E   A N D   D I M E N S I O N   S T A T E M E N T S  
C 

c 
C D A T A   S T A T E M E N T  
C 

I E l T E G E R   R C O N C (  3 )  

D A T A  N A M E / O ~ ~ ~ ~ ~ B ~ ~ H E E , ~ H D / ~ N ~ H E F / ~ H ? R , ~ H C L I ~ H D R /  
D A T A   R M E T P / P H R M I   P H E T ,   1 H P /  
D A T k  R C O N C ~ ~ H R C I   2 H O H ,   1 H C /  
D O  1 I = l , S O  

1 I E R S (  I ) = 2H 
C 
c * *  C A L L   G R A F C I )  T O  I N I T I A L I Z E   P L A S H A S C O P E   G R A P H I C   H O D E  

C * *  I N I T R I A L I Z E   T H E  Y P O S I T I O N  OF T H E   C A L L   C H A R A C T E R   S T A T E H E H T S  
C x *  ON T H E   F L G S M A S C O F E .  
C Y P U S = 4 9 0 .  
C * * *  R E A D  COMF1ON D A T A   F I L E  * * *  
C 
C ' I N I T I A L I Z E   S O H E  LOCAL Y A R I A G L E S  
C 
r, C R T I M E (  ) - C L O U D   R I S E   T I M E  
C I A S (  ) - 0 = A D I A B A T I C  
C 1 = S T A B L E  
C G L T I N C  - A L T I T U D E   I N C R E H E N T  
C I T E R A T  - I T E R A T I O H   C O U N T E R  
C 

C A L L   C R A F C  i 

CALL R U D I S (  N A M E ,  0 )  

R N C Y  = 0 . 0  
R H G X  = 0 . 0  
C R T I M E (  1 )  = 0 . 0  
A L T I N C  = 0 . 0  
S A V E R (  1 > = 0 . O  
S A V E A (  1 )  = 0 . 0  
I T E R A T  = 0 

C 
C U R I T E   O U T   T H E   E X H A U S T  C L O U D  H E A D E R  
C 



C 
C 
C 

C 
c 
C 

2 

C 
C 
C 

C 
C 
C 

C 
C 
C 
C 
C 

4 

C A L C I J L A T E   S O N E   Q U A H T I T I E S  T O   B E   U S E D  I H   S U B S E Q U E N T  D O   L O O P  

ALPHRC = 5 . 1 2 9 1 3 0 8 6 € - 0 2 * ( T E M P 0  + 2 7 3 . 1 5 ) * S U R D E N * G A ~ n A X * * 3  
A L P H R C  = R L P H A C / ( H E A T N  * Q C 1 )  
G T  = 9 . 8 i C T E H P C l )  + 2 7 5 . 1 5 )  

D O  L O O P   T O   C A L C U L A T E   E X H A U S T  C L O U D  P A R A M E T E R S  

D O  9 I z 2 1 N U P l  

I N 1  = I - 1 
I k S ( 1 )  = 1 

C A L C U L A T E   S L O P E  OF P O T E M T I A L   T E M P E R A T U R E ,   S P E E D ,  A N D  
D I R E C T I O N   I N   L A Y E R  

D k L T  = A L T (  1 )  - A L T ( I f ' l 1 )  
G P T E M P  = ! P T E M P ( I  } - P T E f l P (   I M I ) ) / D A L T  
G S P E E D  = ( S P E E D (  I - S P E E D <   I t ' l l )   ) / D A L T  
G D I R  = F L O H T ( I D I R C 1  1 - I D I R C I M i   I ) / D A L T  

C A L C U L A T E   M E T E O R O L O G I C A L  A N D  E N E R G Y   F A C T O R  

2 = A L T ( 1 )  - A L T C 1 - 5  - A L T I N C  
A L P H A  = A L P H A C  * i * * 4 / ( A A  * Z a * B B  + C C j  

C A L C U L A T E   P ' O T E N T I A L   T E H P E R A T U R E   F A C T O R  

S T A B  = GT * ( P T E H f ' (  X )  - A L T I N C  JI: G P T E M P  - P T E M P t  1 
( A L T C  I) - A L T I H C  - A L T ( 1  i + 1 . O E - 7  

C A L C U L A T I O N  FOR f i D I A B A T I C   R I S E  

I F C S T A B   . G T .  0 . 0 0 0 0 0 1 ) G O  T O  4 
C R T I M E (  I) = SQRTC A L P H A )  
I A S ( 1 )  = 0 
C O  T O  6 

C A L C U L A T I O N  FOR S T A B L E   C L O U D   R I S E  

C 2  - A R G U H E N T  OF A R C   C O S I N E   ( I I U S T  BE L E S S   T H R N  - 1 )  

C 2  = 1 . 0  - 0 . 5  * f i L P H f i  * S T A B  
I F ( C 2  . L T .  - 1 . O i G O  TO 5 
C3 = C 2 / S Q R T ( l  . O  - C 2  * C 2 )  
C R T I H E ( I + I f E R A T )  = ( P I O V R 2  - A T A N ( C 3 ) ) / S Q R T ( S T A B )  
I F ( 1 T E R A T  . E Q .  1 ) C O  T O  1 1  
G O  T O  6 
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C 
C I T E R C I T E  I N  LCIYER 
C 

S R L T I N C  = B L T I N C  + 5 . 0  
I T E R C I T  = 1 
G O  T O  2 

C 
C C C I L C U L R T E  RANGE R H O   D I R E C T I O N  
C 

6 D E L R N C  - 0 . 5  * ( S P E E D (   I H l )  + S P E E D !  I ) )  * 
( C R T I H E <   I H l )  - C R T I H E ( 1  ) )  . 

' D E L D I R  = 0 . 6 0 8 7 2 6 6 5  * F L O A T C I D I R < I )  + I D I R < I H l ) )  
R N C Y  = R N G Y  - D E L R N C  * S I M ( D E L D 1 R )  
R N C X  R N G X  - D E L R N G  * C O S ( D E L D 1 R )  

I F ( C \ Z H U T H   . ' L T .   0 . O ) A Z H U T H  = A Z H U T H  t 3 6 0 . 0  
D E L R N C  = S Q R T ( R N C Y  * R N G Y  t R N G X  * R N G X )  
S A V E R ( 1 )  = D E L R N G  
S A Y E A ( 1 )  = A Z H U T H  

A Z H U T H   R A D D E C  * A T A H P C   R N C Y J R N G X )  

C 
C U R I T E   O U T   T H E   V A R I A B L E S   U I T H   T H E   B P P R O P R I B T E   F O R M A T   S T A T E H E N T  
C B A S E D  OF U H E T H E R  OR N O T   C L O U D  I S   A D I A B A T I C  O R  S T A B L E  
C 

I F ( I A S ( 1 )   . N E .  0 ) G O  T O  8 

G O  T O  9 
Y R I T E  ( 6 , 2 0 1 )  I , A L T ( I   > , C R T I # E ( I   ) , D E L R N G , A Z # U T H  

8 Y R I T E  ( 6 , 2 0 2 )  I , A L T C I ) , C R T I H E ( I   ) , D E L R N G , A Z M U T H  
9 C O H T I H U E  

C 
C C A L C U L B T E   A N D   M R I T E   O U T   S T Q B I L I Z A T I O N   H E I G H T   R H D   T I M E  
c 

i l  D E L R N G  = 0 . 5  * ( S P E E D (  I ' f l i )  - R L T I N C  * G S P E E D  t S P E E D (  I ) )  * 
C C R T I H E ( 1  + 1 )  - C R T I H E ( 1 t l i ) )  

D R L T  = 0 . 0 0 8 7 2 6 6 5  * ( F L O A T (   I D I R C  I) + I D I R (   I H l ) )  - G D I R  * F I L T I N C )  
R H G Y  '= R N C Y  - D E L R N G  * S I N I D A L T )  
R N G X   R N C X  - D E L R N C  * C O S ( D h L T  > 

I F ( A 2 H U T H  . L T .  0 . O ) A Z H U T H  = h Z H U T H  + 3 6 0 . 0  
D E L R N G  = S Q R T C R N G Y  * R N G Y  t R N G X  * R H G X )  
A L T ( 3 1 )  = A L T (  I) - A L T I N C  

A Z H U T H  = RClDDEG * A T A N Z ( R N G Y J R N G X >  

Y R I T E  ( 6 , 2 0 3 )  A L T ( 3 1 1 ,   C R T I H E C  I + i  ), D E L R N G ,   A Z H U T H  
c 
C S T O R E   T H E   I N D E X  OF T H E   E S T I H A T E D   T O P  O F  T H E   S U R F A C E   L A Y E R  
C 

C 
c L O A D   T H E   C L O U D   R I S E   T I H E   A R R A Y  
C 

J T O P  = I 

C R T I f l E ( 3 1  1 = . C R T I t l E ( J T O P )  
DO 15  J = I , N U H  
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15 C R T I H E (  I) = C R T I H E (  31 1 
C 
C I S   T H I S  A RESEARCH OR c) PRODUCTION  RUN? 
C 

C 

C 

C 
C C A L C U L B T E   J T O P   B R S E D  ON VaLUE OF TOPSUR 
C 

I F ( I O P T ( 2 )   . N E .  0 ) C O  TO 21 

C P R O D U C T I O N . R U N  - -  I F  TOPSUR I S  U N D E F I H E O ,   U S E   J T O P  AS E S T I M A T E D  

17 I F ( T 0 P S U R   . L E .  0 . 0 ) C O  TO 2 6  . .  

L E A S T D  = 9 9 9 9 9 9 9 . 9  

D I F F  = RBS<c)LTC I )  - TOPSUR 
I F ( D 1 F F  . G T .   L E A S T 0 ) C O   T O  19  
L E A S T D  = D I F F  
J T O P  = I 

19 C O N T I N U E  
G O  TO 2 6  

D O  1 9  I s 1  . .  

. .  . .  

I .  

C 
C U R I T E  OUT  THE  ESTIHRTED  TOP'LOF.   SURFbCE  LFlYER -- .  REA.D I N  
I: THE ONE  TO BE USED -- C A L C U L A T E   J T O P  
C 

2 1  CALL DREA'D( N R H E F ,  2 ,  I L I H E )  
CALL L E R S C Y P O S )  

CALL CODE 

TOPSUR = ALTC  JTOP ) 

YPOS  YPOS - 32. 
I F <  I F L A C (  11 . E Q .  3)CO T O  26 
I F C I F L R C ( 1 )   . E Q .  1 ) G O  TO 2 4  

CALL LERSCYPOS ) ' I  . .  

' I  

CQLL C H A R ( 0 .   J Y P O S , Q J I L I H E , ~ ~ ~ O , O )  
. . .  

, I '  

U R I T E  C I s u R T P ~ 2 0 4 )   A L T C J T O P )  

CkLL C H A R ( 3 2 0 .   ~ Y P O S J O J   I S U R T P , C J O I O )  3 1  

.. . 
I .  

CkLL DREAD(  HAMEF J 3, I L I N E )  

CALL CHQRCO. J Y P O S , O I I L I H E , ~ J ~ I ~ )  
CALL C H A R C S ~ . J Y P O S , O I I E R S J ~ , ~ J O )  
CkLL C H A R C ~ ~ . J Y P O S , O , I L I N E ( S ) I ~ J ~ , O ~  . .  
C R L L   C H B R ( 1 6 0 .  J Y P O S > O J I L I N E ~ ~ ~ ) J ~ ~ , ~ , ~ )  
N I N = B  ! 
CALL B L A N K (   I D R T A F , l O )  
CALL I H ~ ~ ~ J T Y P E ~ ~ ~ ~ . ~ Y P O S J ~ ~ I D A T A F ~ N I N ~ ~ J ~ ~ ~ O I ~ ~ ~ I X ~ I Y ~  
I F C J T Y P E   . E Q .  1 ) G O  TO 2 2  
CALL C H A R ( ~ . J Y P O S J O J I L I H E , ~ J O J O )  
CALL C H A R C 4 7 .  J Y P O S ,  0 ,  I E R S J  4 0 1  0 1  0 )  
Y P O S = Y P  o s - 3 2 .  
CALL C O D E  
READ ( I D F I T A F ,  100 3 TOPSUR 
& L T < . I T O P )  = TOPSUR 
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G O  T O  17 
2 2   I F (  I X  . C T .  9 ) C O  T O  23 

CALL  CHhR(0. , Y P O S J ~ , I L I N E , ~ ~ ' J O J ~ )  
CALL C H A R ~ ~ ~ ~ . ~ Y P O S J ~ J I E R ~ J ~ ~ J ~ J ~ )  
Y P O S  = .  YPOS - 32. 
G O  T O  1 7  

23  CALL  CHARtO.   JYPOSIOI IL INEJ~JOJO)  
. CfiLL 'CHAR(56. J Y P O S J . O J  I E R $ J   1 0 1  O J  0 )  , . .  . .. . 

CALL C H ~ R ( ~ ~ ~ . J Y P O S ~ O ~ I E R S J ~ ~ , O J O )  
Y P O S  = YPOS - 32. 

C 

C 
C CALL MET PROFILE,  SUBROUTINE,RMETPJ T O  DETERHINE  LAYER  VALUE 

24  CALL HCRAF 
CALL R Y D I S (  NAHE, 1 ) 
CclLL  EXEC( 9 ,  RMETP 
CALL R U D I S (  NAME, 0 )  

' CALL CRAF(1 ) 
CALL C L E A R  
Y P O S  = 4 7 4 .  

CALL  LERS( YPOS ) 

CALL CODE 

CALL D R E A D (  NAHEF J 5 ,  I L I  NE ) 

CALL C H A R ' ( O : I Y P O S J O J I L I N E ~ S O J O ~ . O )  . 

YRITE ( I D A T A F J   1 0 0 )  T O P S U R  
CALL CHARCQOO. J Y P O S J O J  1 D A T b F ~ 7 r 0 . 0 )  
A L T ( J T 0 P )  = TOPSUR 
Y P O S  Y P O S  - 32. 
G O  T O  1 7  

c 
C U R I T E  O U T  THE T O P  OF THE SURFACE LAYER A N D  M I N D  D I R E C T I O N  
c A N D  SPEED A T  THE T O P  
C 

26  CONTINUE 
U R I T E . ( 6 r 2 0 5 )  T O P S U R J I D I R < J T O P ) J S P E E D ( J T O P )  

C 
C CALCULATE SOURCE STRENGTH 
C . .  

SICHCL = 2 . 2 7 6 E 3  * PHCL * QC1 *. A A  * ( T E ' H P ( 1  ) + 2 7 3 . 1 5 ) /  
PRESSC 1 )  * TOPS.UR**BB 

C 
C CALCULATE AND YRITE OUT THE HECIN U I N D  S P E E D J  ASPD.  A N D  
c DIRECTION, aDIR 
C 

Do 2 8  I - ~ J J T O P  
X F < I A B S ( I D I R C I )  - X D I R C I  - 1 ) )  . LT .   i 8O)GO T O  2 8  
D O  27  J = l   J J T O P  

27 I F ( I D 1 R C J . I  . L T .  1 8 0 ) I D I R ( J )  = I D I R t J )  + 3 6 0  
G O  T O  3 1  

2 8  CONTINUE 
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C 
31  A S P D  = 0 . 0  

A D I R  = 0 . 0  
D O  32 I=P,JTOP 
Itll = I - 1 
DALT = ALT( 1 )  - ALT( I t l 1 )  
ASPI! = ASPD t 0 . 5  * ( S P E E D <  I) + S P E E D ( I H 1  1 )  * DFILT 

32 A D I R  = A D I R  + 0 . 5  * F L O A T ( I D I R ( 1 )  + IDIRCItll)) * D A L T  
c: 

D O  3 4  I=l ,JTOP 
3 4  I F ( I D I R ( 1  > . G T .  3 6 0 ) 1 D I R ( I  i = I D I R ( 1  1 - 3 6 0  

C 
DALT = ALTC JTOP) - ALT( 1 
A S P D  = ASPDt’DALT 
A D I R  = ADIRt’DALT 
I F ( A D I R  . G T .  18O.O)GO T O  3 5  
A D I R  = kD IR  t 1 8 0 . 6  
G O  T O  3 6  

3 5  A D I R  = A O I R  - 1 8 0 . 0  
C 

C 
C IS T H I S  A RESEARCH O R  A P R O D U C T I O N  R U N ?  
C 

I F I I O P T ( 2 )  . E Q .  Q ) G O  T O  4 5  
C 
C RESEhRCH RUN - -  R E A D  I N  SIGEl 
C 
C 
C * *  CALL S U B R O U T I N E  R S I G A  T O  CALCULATE SIGl l f i  VALUE 
c 

36 W R I T E  ( 6 , 2 0 6 )  A S P D I A D I R  

J 1  = 1 
5 2  = 0 
J 3  = 0 

IF(ABS(ALTCJJ)-304.8).LE.l.O) J 3  = J J  
I F ( B B S ( P R E S S ( J J ) - 1 0 0 0 .   l . L E . 1 . 0 )   5 2  = J J  

I F ( J 2 . E Q . O   . O R . J 3 . E Q . O )  S I G A  = 7 . 0  
I F ( J 2 . E Q . O   . O R . J 3 . E Q . O )  G O  T O  4 2  

S I C &  = RSIC 

CRLL  LERS(YPOS 1 

CALL CODE 

D O  4 1   J J = 1 , 3 1  

4 1  C O N T I N U E  

CALL R S I G A < J ~ I J ~ I J J , R S I G )  

4 2  CALL D R E A D ~ N A H E F J ~ ~ I L I N E )  

CALL C H A R ( O . , Y P ~ S , ~ I I L I N E I ~ ~ I O I ~ ~  

M R I T E ( I D A T A F I ~ O Z )  S I G A  
CALL C H A R ( 3 3 0 .  J Y P O S I ~ I  I D A T A F I ~ J ~ , ~ )  
C A L L ’ I N C ~ ~ J T Y P E I ~ . ~ O . I ~ J ~ J O I ~ ~ ~ ~ ~ O I ~ ~ ~ I X I I Y ~  
YPOS = Y P O S  - 32.0 
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I F ( I X . L E . 2 5 )  G O  T O  45 

CALL  LERS(YPOS> 

N I H  = 2 

CALL  DREAD(  HAREF, 7, I L I N E  1 

CALL C H A R ( O . , Y P O S r 6 , I L I N E , 6 ~ , 0 , ~ ~  

C A L L   B L A N K ( I D A T R F r 1 0 )  
CALL I ~ ~ ~ O ~ J T Y P E ~ ~ ~ ~ . O ~ Y P O S ~ O ~ I D A T A F ~ N I N ~ O I ~ ~ ~ ~ ~ ~ ~ J I X ~ I Y ~  
CALL CODE 
READ ( I D A T A F , l O l  > I S I C A  
I F C H I H  . E Q .  I j I S I G A  = I S I G A 1 1 0  
S I G A  = F L O A T ( I S 1 C A )  
Y P O S  = Y P O S  - 3 2 .  

C WRITE OUT S I G A ,  T H E  S I G M A  OF T H E  Y I t l D  A Z I M U T H  ANGLE 
C 

c 

c 
C CALCIJLATE T H E  HORIZONTAL A N D  V E R T I C A L  CLOUD DIMENSIONSJ 
C i . e .  S I G X O  A N D  G S P E E D  
C 

4 5  WRITE ( 6 , 2 0 8 )  S I G A  

S I G A P  = 0.6087266 * S I G A  

S I G X O  = 0 . 2 9 7 6 7 4  * A L T ( 3 1 )  
CSPEED = 0.2325538 * A L T ( 3 1 )  

C 
C CALCULATE AND U R I T E  O U T  T H E  E F F E C T I V E  CLOUD HEIGHT, C L D H T  
C 

CLDHT = A L T ( 3 1 )  
C L D R A O  = 2 . 1 5  * S I G X O  
IV2 = 0 
I F ( C L D R f i D + A L T ( 3 1 )  . G E .  A L T ( J T 0 P ) ) I V Z  = 1 
S I G Z O  = S I G X O  
I F ( I V 2  . E Q .  1 ) S I G Z O  = ( A L T C J T O P )  - A L T ( 3 1 )  + C L D R A D ) / 4 . 3  
I F ( S I C Z 0   . G T .  O . O ) G O  T O  47 
CLDHT = 0 . 5  * A L T ( J T 0 P )  
SIGZO = 0 . 6 4  * C L D H T l 2 . 1 5  
G O  T O  4 9  

4 7   I F ( I Y 2   . E Q .   1 ) C L D H T  = 0 . 5  * ( A L T ( J T 0 P )  + A L T ( 3 1 )  - CLDRAD) 
C 

C 
C CALL THE SEGMENT R C O N C  
C 

4 9   U R I T E   ( 6 , 2 0 9 )  C L D H T  

C A L L  HCRFiF 
CALL R U E I S (  NAME,  1 ) 
C A L L   E X E C < ~ J R C O H C )  
CALL R U D I S (  NAttE, 0 )  

C 
C END OF R C L O R  
C 

E N D  
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S U B R O U T I N E   R Y D I S < H & H E ,  J J )  
C O H H O H  A L T ~ 3 1 ~ ~ L L l ~ C O N # ~ X ~ C O N C P K ~ D E G R ~ ~ ~ A D I R ~ D O S P K ~ E l ~ C L D H T ~  

I D I R ~ 3 1 ~ ~ I O P T ~ 3 ~ ~ I T I H E ~ I D A Y ~ ~ O ~ T H ~ 2 ~ ~ I Y E A R ~ I S T I ~ ~ I S D A Y ~  
I S # O N ~ 2 ~ ~ I S Y E L R ~ I V 2 ~ J T O P ~ J B O T ~ L & U N T D ~ l ~ ~ ~ L T I ~ E ~ L T I ~ ~ L D L Y ~  
L H O N t 2 ~ ~ L Y E A R ~ L U ~ N U ~ , P I ~ P I O V R 2 ~ P I 4 3 ~ P R E S S ~ 3 l ~ ~ P T E H P ~ 3 1 ~ ~  
S I C H C L ~ R A D D E C , R A T O n C , C L D R A D , ~ R 2 , R 3 , S L V E A ~ 3 0 ) , S A V E R ~ 3 ~ ) , S I G ~ ,  
S I G X O I S I C X I S P E E D ( ~ ~  ) , S Q R 2 P I ~ S U R D E N ~ S I G Z 4 , S I G A P , S 8 r t E # P ( 3 1  ) I  

T O P S U R ~ T Y O P I , A S P D , ~ P A R ~ l 8 ~ ~ C R T I ~ E ~ 3 l ~ ~ D I S T ~ Y E S ~ Y l ~ ~ U ~ R U N ~  
YPOS 8 I F L A G ( 5  ) I  2 6 1  2 2 ,  R E F L E C ,   I R E T R N  

L O G I C h L  L T I H E  
I N T E G E R  YES 
E Q U I V P L E N C E  <(1Cl,VPPR(l)),<QC2,VPAR(2)),<QCJ,YPAR(J)), 

C Q T l , Y P P R ( 4 ) ) , < Q T 2 , ' Y P A R o ) , ( 8 T J I V P k R ( 6 ~ ) ,  
( A A , V P A R ( 7 j ) , ( B B , Y P A R ( 8 ) ) , ( c C , v P A R ( 9 ~ ) ,  
( H E A T N , Y P A R (   l O ) ) , ( H E A T M , V P P R (   l l ) ) , ~ H E A T A , V P L R ( 1 2 ) ) ,  
~ P H C L ~ V P F I R ~ 1 3 ~ ~ - , ~ P C O ~ V P A R ~ 1 4 ~ ~ , ~ P C O 2 ~ V P A R ~ l 5 ~ ~ ,  
( P L L 2 0 J I V P A R ( ~ 6 ) ) , ( P N O , V P A R ( l 7 ) ) , ( G A n n L X , ~ P ~ R ( l 8 ~ )  

I N T E G E R   O D C B ( 1 4 4 ) , O B U F ( 6 6 9 )  
D I H E N S I O N   N A H E ( 3 )  
E Q U I V A L E N C E   ( O B U F (  1 ), A L T (  11)  
CALL O P E N ( O D C B , I E R R , N A n E , 0 )  
I F ( J J . E Q . 1 ) C U L L  Y R I T F ( O D C B , I E R R , O B U F , 6 6 9 )  
I F ( J J . E Q . O ) C A L L  R E D D F ( O D C B , I E R R I O B U F , 6 6 9 )  
CALL C L O S E (   O D C B J   I E R R )  
R E T U R N  
END 
S U B R O U T I N E   D R E A D ~ N A # E F , L N U H , I L I N € )  
D I M E N S I O N  N A P l E F ( 3 ) , I D C B ( 2 7 6 ) ~ I B U F ~ 4 O ) ~ I L I t 4 E ( 3 2 ) ~ I P A R ( 5 )  
CALL Rt lPAR(  I PAR > 
L U  = I P A R ( 1 )  
CFiLL ~ P E H ~ I D C B , I E R R , N A M E F I O )  
LOOP = LNUH - 1 
D O  10 I = l , L O O P  
CALL B L A N K (   I B U F J  4 0 )  
CALL R E A D F (   I D C B ,   I E R R ,   I B U F )  

9 

10  CO.NTINUE 
CALL B L A N K (   I B U F ,   4 0 )  
CALL R E A D F (  I D C B . .  I E R R ,   I B U F )  
CALL CODE 
READ ( I B U F , 1 0 0 )   < 1 L I N E < 1 ) 1 1 = 1 > 3 2 )  

1 0 0  FORflATC 32A2 ) 

RETURN 
END 

D I H E N S I O N   I B U F ( 4 0 )  
D A T d   I B L K I P H  / 

CALL C L O S E (   I D C B ,   I E R R )  

S U B R O U T I N E   B L A N K (  I B U F ,  I 1  1 

DO 10 I=l,II 
1 0   I B U F ( 1  ) = I B L K  

RETURN 
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E N D  
S U B R O U T I H E   L E R S (   Y P O S  1 ! , .  

D I f l E N S I O H   I E R S ( 3 2 )  
D A T A   I E R S / 3 2 * 2 H  ,' 

' . . I F ( Y P O S . L E . 4 8 )   Y P O S  = 4 5 8 . 0  : 
C A L L  C H A R C O . J Y P O S J O J I E R S J ~ ~ , O ~ J O )  

, .  C A L L  CHAR.(O.  J Y P O S - ~ ~ : J O J I E R S J : ~ ~ , ~ , O ~  '. 
, > -  . . : :  R E T U R N  . .  

E N D  . J  

. .  

S U B R O U T I N E   R S I G A ( J l , J 2 , J J , R S I G )  
C 
C * * *   T H I S   S U B R O U T I H E   C A L C U L A T E S  A S I G N A   V f t L U E   G I V E N  . , 

C * * *  F I L T I T U D E ;  S P E E D ,  T E I I P ,   A N D . P R E S S U R E - F O R   T H E  
C * * *  F I R S T   L E V E L  O F  D A T A ,   T H E   l O Q O F T   L E V E L  OF D A T A  

C 

C *  * C O H H O N   B L O C K  
C 

, I  ' 

. .  . .  

. I  C * * *  AND  THE  1OOONB  LEVEL  OF1   DATA 

' C  . 
. ,  

COMMON A L T (   3 1   ) , A L l , C O N M A X ,  C O N C P K , D E G R A D , G D I R > D O S P K , E l , C L D H T ,  
I D I R ( ~ ~ ) , I O P T ~ ~ ~ ~ I T I ~ E ~ I D A Y J ~ O N T H ~ ~ ~ , I Y E ~ R ~ I ~ T I ~ J I S D A Y J  
I S H O N ( 2 ) ,   I S Y E A R , I V Z >   J T O P ,   J B O T : J L A U N T D (   i 0 ) J L T I H E > L T I H , L D A Y I  
L ~ O N ( ~ ) , L Y E A R I L U , N U M ~ P I O Y R ~ , P ~ ~ ~ ~ P R E S S ~ ~ ~ ~ J P T E ~ ~ P ~ ~ ~  1,  
S I G H C L I R A D D E G , R A T O M C , C L D R A D , ~ ~ , R ~ , S A V E A ( ~ ~ ) , S A V E R ( ~ O ) , S I G A J  
S I C X O , S I G X , S P E E D ( 3 1  ) , S B R ~ P I S S U R D E N , S I G Z O , S I G R P , S ~ ~ T E ~ P ( ~ ~  1, 
T O P S U R ~ T U O P I , A S P D J V P A R ~ ~ ~ ) ~ C R T I ~ E ( ~ ~ ~ ~ D I S T , Y ~ E S ~ Y ~ , N U ~ R U N ,  
Y P O S ,   I F L A G ( 5  >, Z B ,  2 2 1  R E F L E C ,   I R E T R H  

LOGICAL L T I H E  
I N T E G E R  YES 

C 
D A T A  C l , C 2 , C 3 ~ C 4 J C 5 , C 6 / - . O O 8 ~ ~ . O ~ 1 7 5 ~ . 0 0 0 8 ~ . 5 0 8 6 4 5 2 2 , . 1 1 3 2 ,  

1 3 . 8 1 6 3 )  
D A T f r  C 7 / . 0 2 9 /  

C C A L C U L A T I O N  OF S I G A R  
C N E Y T O H S   M E T H O D  FOR S O L U T I O N  OF F ( X , B > D >  = 0 

F ( X , B , D )  =(l.-X**4)/(16.*X**2*(GLOG(O~+C4-2.*ALOG(l.+X~ . .  

F P ( X , D )  = ( - X * * 4 - i .  ) / ( 8 . * X * * 3 * ( A L O G ~ D ) + C . 4 - 2 . * A L O G ( l . + X )  
i - A L O G ( 1  . + X * * 2 ) + 2 . * A T A N ( X ) ) * * 2 )  + ( 1  . - X * * 4 ) / ( 2 . * ( 1  . + X )  
1 * ~ i . + X * * 2 ) * ~ A L O G ~ D ~ + C ~ 4 - 2 . * A L ~ O C ~ l . + X ~ - f r L O G ~ l . + X * * 2 ' ~ +  

i - A L O G (  1 . + X * * 2 ) + 2 .   * A T A N ( X  ) ) * * 2  ) - B 

1 2 . * A T A N ( X ) ) * * 3 )  
C 
C * * *  R E A D   I S T   D A T A   L E V E L  
C 

2 1  = A L T ( J 1 )  
V I  = S P E E D (  J l )  
T I  = T E N P C J I )  
P Z 1  = P R E S S ( J 1 )  

C 
C * * *   R E A D  i O O O t i B  D A T A   L E V E L  

A-95 



c: 
Z2  = h L T (   5 2 )  
V Z  = S P E E D ( J 2 )  
T2  = TEMP(J2 > 
P Z 2  = PRESS( J 2 T  

C 
E * * *  R E A D  lQOOFT D A T A  L E V E L  
C 

Z 3  = A L T ( J 3 )  
V3 = S P E E D ( J 3 )  
T3 = TEI IPCJJ)  
P Z 3  = P R E S S ( J 3 )  

C 
i: **  C O N V E R T  TO P R O P E R  U N I T S  
C 

V1 = 0 1 * . 5 1 4 7 9 1  
02 = V 2 * .   5 1 4 7 9 1  
V3 = V 3 + . 5 1 4 7 9 i  
2 1  = z i r . 3 0 4 s  
2 2  = Z 2 * . 3 0 4 8  
2 3  = Z 3 * . 3 0 4 8  
T i  = T 1 + 2 7 3 . 1 6  
T2 = T 2 t 2 7 3 . 1 6  
T3  = T 3 t 2 7 3 . 1 6  

C 
C*s* I H I T I A L I Z E  Z O  
C 

C P Z i  A N D  P23 I N  M I L L I B A R S  
z o  = .2O 

C V I , S 2  A H D  '43 I N  H E T E R / S E C  
C Z 1 , 2 2  A N D  2 3  I N  METERS 
C T l , T 2  AND T 3  It4 D E C  K 
C 2 0  I N '  M E T E R S  

E = 2 2 . 9 1 8 3 1 1 8  
Y = V 2  
T = ( T l + T 2 t T 3 ) / 3 .  
2 = ( 2 1 * 2 2 * 2 3 ) * * . 3 3 3 3 3  
THETA1 = T i * ( (  1 O O O . i P Z 1  ) * * . 2 8 8 )  
THETA2 = T2 
THETA3 = T3*C( fOOO./PZ3)**.288) 
2A = ( Z 1 + E 2 t Z 3 ) / 3 .  
T H E T A k  = (THETA1 + THETA2 t T H E T A 3 ) / 3 .  
I! = z i z o  
Z Q Z O  = A L O G ( D )  
O Z T H E T  = ( (  21-ZA ) * (  T H E T A l - T H E T A A  ) t ( Z 2 - Z A ) * ( T H E T A 2 - f H E T A a )  

1 +(  Z3-ZA ) * (  THETA3-THETAA ) I / (  ( Z l - Z A  ) * * 2  + ( Z 2 - Z A ) * * 2  
1 +( Z3-ZC1)**2) 

B = 9 . 8 * D Z T H E T * Z * * 2 / (  T * V * * 2 )  
I F C B )  2 1 2 5 ~ 6  

2 C O N T I N U E  
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. . .  . .  
. .  . 

' R .  s.. 1 . 5. .  
, .  U F(R,E,O) 

' . D o  3 I = 1.50 
R i  R . -  F<RIB;O)/FP(RIO) 

. .  '. . U i F ( R l a E r 0 )  
1 . - '  . .  IF(~IBS(RI-R).L~.I.E-~) G O  T O  21.; 

IF(I.EQ.'49)  USAV = U 
IF(I.HE.50) GO T O  808 
I F ~ . U S A Y . L T . 0 . . I W D . U . G T . O . . O R . U S ~ ~ . G T . O . . ~ M D . U . L ~ . 0 . ~  G O  T O  21 . .  8 ,  

888 C O N T I N U E  
, 3  R .   R ' l  

RSIG = 30. 
G O  T O  1000 

ZOOLlO=~C6*20)/(7.*2) 
6 ' CIP = 2020 - .  1. 

a 1  = 1. 
a2 = I./(SQRT(B) ~ . * A P )  
c13 f -(hP + I. )/(7.*AP) 
R A D  = A2**2 - 4.*Al*A3 
IF( R A D  1 70,808 90 

70 C O N T I N U E  
RSIC = 30. 
G O  T O  1000 

S1 = 1. - 7.*RE11**2 
G O  TO 26 

90 RE I  = ( - a 2  t SQRT(RID))/(P.*Al) 
RI4 = RE1**2 
ZOOL4'= ZO*RI4/(2*(1.  -7.*RI4)) 
IF(B.LT.C3) G O  T O  37 
IF(B.GE.CJ) G O  T O  38 

21 R I 1  f (l.-R1**4)/16. 
Z O O L l  = ZO*RIl/Z 
A Z O Z O  + C 4 - 2 . * A L O G ~ 1 . + R l ) - ~ L O G ~ l . + R 1 * * 2 ~ + 2 . * ~ T ~ t 4 ~ R l ~  
I F < B . L T . C l )  G O  T O  22 
I F ( B . C E . C l . f l N D . B . L T . C 2 )  GO TO 23 
1FCB.GE.CP) GO T O  24 

G O  T O  1000 

RSIG = E*FB2/A 
EO T O  1000 

RSIC = E*FB3/A 

80 RE11 = -a2/<2.*~1) 

22 RSIG = E*2.7/CI . . .  

23 FB2 = 2.7 + 112.*(-Cl + 8 1 ,  

24 FB3 = 3.4 - 725.5*(-C2 + B )  

. . G O  TO 1000 
25 R12 = 0 

20OL2 = 6 
RSIG = 48.81C/eLOC(D) 
eo TO 1000  

26 R13 = (Si-1. ) / < - 7 . )  
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200L3  = Z O * R I J / ( Z * ( l .   - 7 . t R I 3 ) )  
I F ( B . L T . C I )  G O  TO 2 7  
I F ( B . G E . C 3 )  GO TO 2 8  

RSIC = < E * F B 3 ) / (   7 . * R I 3 / (  1 .  - 7 . * R I 3 )  + 2020  ) 
S E G R Z O = € E * F 8 3 ) ~ / ( C C + Z O Z O )  
I F ( R I 3 . G E . C S )  GO TO 1 1 0  
G O  T O  1 0 0 0  

R S I G  = S I G R 2 O  
G O  T O  IO00 

28 F 8 4  = 1.55 + 3 8 . 0 4 * < 8  - . 0 0 0 8 )  
R S I G  = (E*F84) /C  7 . *R13/<  I .  - 7 . * R 1 3 )  + Z O Z O  1 
SICR21=(E*FB4)/tC6+ZOZO) 
I F ( R I 3 . G E . C S )  GO T O  1 1 5  
G O  T O  1 0 0 0  

RSIG = S I C R 2 1  
G O  T O  1 0 0 0  

R S I G  3: < E * F B 3 ) / (  7 . * R 1 4 / t i .  - 7 . * R I 4 )  + Z O Z O )  
S I C R 2 0 = ~ E * f 8 3 ) / C C 6 + f O Z O )  
I F t R I 4 . G E . C S )  GO T O  1 2 0  
G O  T O  1 0 0 0  

27 F 8 3  p 3 . 4  - 7 2 5 . 5 * ( - C 2  + B ) .  

110  CONTIWUE 

115 CONTINUE 

37 FB3 = 3 . 4  - 7 2 5 . S * t - C 2 + 8 )  

120  CONTIHUE 
. R S I G  = SIGRPO 

G O  TO 1006 

FB5 = 2 . 3 5  + 5 . 4 3 * ( 8  - C 7 )  

SIGR2l=(E*FB4)/~C6+tOZO) 
SIGR22 = ( E * F B 5 ) / ( C 6 + Z O t O )  
f F t R I Q . G E . C 5 . A N D . B . L T . C 7 )  G O  T O  125  
IF(RIQ.GE.CS.AND.B.CE.Cf> G O  T O  1 2 6  
G O  TO 1 0 0 0  

RSIG = SICR21 
G O  T O  1000 

R S I G  = SIGR22 
G O  T O  1 0 0 0  

38 FB4 = 2 . 5 5  + 3 8 . 0 4 * t %  - . 0 0 0 8 )  

RSIC = ( E * F B ~ ) / (  7 . * ~ 1 4 / ( 1 .  - 7 . * ~ 1 4 )  + Z O Z O )  

1 2 5  C O N T I N U E  

126  CONTIHUE 

C 
C * * *  CHECK FOR V Q L I D  SIGcl  V A L U E  
C 
1000 C O N T I N U E  

I F  ( R S I G . L E . 0 .  . O R .  RSIG.GT.30.) R S I C  = 30. 
RETURN 
E N D  
E N D $  
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F T N 4 ,  L 

C 
C COHHON  BLOCK 
C 

P R O C R A H   R H E T P  

C O H t l O N  A L T ~ 3 1 ~ ~ A L 1 ~ C O N H A X ~ C O N C P K ~ D E C R A D ~ A D 1 R ~ D O S P K ~ E 1 ~ C L D H T ~  
I D I R ~ 3 1 ~ r I O P T ~ 3 ~ ~ 1 T I ~ E ~ I D A Y ~ H O N T H ~ 2 ~ ~ I Y E A R ~ I S T I H r I S D ~ Y ~  
I S M O H ( 2 ) 1   I S Y E A R ,   I V 2 1   J T O P ,   J B O T ,   L A U W T D (  10 ) , L T I H E ,   L T I H r   L O A Y ,  
L H O N ( 2 ) ~ L Y E A R , L U ~ N U H ~ P I ~ P I O V R 2 ~ P 1 4 3 , P R E S S ( 3 1  ) , P T E t l P ( 3 1 ) ,  
S IGHCL,   RADDEGI   RATOHC  sCLDRAD ~ R 2 a R 3 ,  S A V E A (  30 ) I  SAVER'. 30 ) I  S I C & ,  
S I G X O , S I G X , S P E E D ( 3 1  ) ~ S Q R 2 P I ~ S U R D E H ~ S I G Z O ~ S I G A P ~ S 8 ~ T E l l P < 3 l ) ~  
T O P S U R r T U O P I ~ ~ S P D , Y P A R ~ l ~ ~ ~ C R T I H E ~ 3 l ~ ~ O I S T ~ Y € S r Y l ~ N U M R U N ~  
Y P O S ,   I F L A G ( 5  Z B ,  2 2 ,  R E F L E C r   I R E T R N  

L O G I C A L  L T I H E  
I N T E G E R  Y E S  
E Q U I V A L E N C E  ( Q C l , V P A R ( l ) ) , ( Q C 2 , Y P f i R ( 2 ) ) , ( Q G 3 , V P A R ( 3 ) ) ,  

( Q T l , V P A R ( 4 ) ) , ( Q T 2 , V P A R ( S ) ) , ( Q T 3 , ~ P A R ( 6 ) ) ,  
( A A , Y P A R ( ~ ) ) , ( B B I V P F I R ( ~ ) ) , ( C C , Y P A R ( ~ ) ) ,  
( H E F I T N ~ Y P A R ( l O ) ) , ~ H E A T H , V P A R ( 1 1 > ~ , ~ H E A T A , ~ P A R ( 1 2 > > ,  
( P H C L , V P A R ( l J ) ) , ( P C O , V P A R ( l 4 ) ) , ( P C 0 2 , V P A R ( l 5 ) ) ,  
~ P A L 2 0 3 ~ V P A R ~ l 6 ~ ~ ~ ~ P ~ O ~ Y P A R ~ l 7 ~ ~ ~ ~ G ~ H N ~ ~ ~ ~ ~ ~ R ~ l 8 ~ ~  

D I M E N S I O N  Y S X ( 3 l ) , Y S Y ( 3 1 ) ~ D T X ( 3 l ~ r D T Y ( 3 1 ) , P T Y ( 3 1 ) ~  
1 U D X (  3 1  ) , Y D Y (  31 ) 

D I H E N S I O H  ISTP(3),ITTP(3),ISPT(3),ITPT(3),ISUS(3),ITWS(3) 
D I H E N S I O N  ISUD(3),ITUD(3),XDTIC(2),YDTIC(2), I C U R l ( 2 1 )  
D I M E N S I O N   I T E S T ( l O ) , T P R ( C ) ,   I D C B C  144) 
D I H E N S I O H  X(4),Y(4),XTIC1(2),XTIC2(2),YTIC1(2)~YTIC2(2) 
D I H E N S I O N  XS(2),YS<2),1QLTL(8),TSURX(20,,8SURX(lO) 
D I M E N S I O N  IALTCH(336)rIQLT(22),IHARD(l6) 
D I H E N S I O N  I X N U ~ C ~ ~ ) , I Y N U H ( ~ ~ ) , J I ~ ~ L T C ~ ( ~ )  
D I N E N S I ' G N  ITE'HPD(3),1PRESD(3),IDENSD(3) 
D I H E N S I O N   I D A T L C  2 I T I H L ( 2 )  
D I M E N S I O N   I D A T E ( C ) , A U D I R ( 3 1 )  
D I H E N S I O N   I T H H E ( 2 )  
D I H E N S I O N   A P T E H P ( 3 1  1 
D I H E N S I O H  X L ~ 2 ~ ~ Y L ~ 2 ~ ~ I D T ~ 1 2 ~ ~ 1 P T ~ 1 1 ~ ~ 1 ~ S ~ 8 ~ r 1 ~ D ~ 1 0 ~  
D I H E N S I O N   I S U R L l (  30 ) I  I A L T S P ( 8  1 
D I H E N S I O N   I S U R T ( 2 2 ) , I S U R T 1 ( 1 6 ) *   I A L T P ( B ) z I A L T C L ( 8 )  
D I H E N S I O N  I C R Y T ~ l ~ ~ I S T L ~ 1 2 ~ ~ I T O P ~ 2 ~ ~ Y Y D 1 ~ 2 ~ ~ Y Y D 2 ~ 2 ~ ~ X Y D l ~ l 8 ~  
D I H E N S I O N   1 8 0 T C 2 )  
D I H E N S I O N  X U D 2 ~ 2 ~ ~ 1 U D L l ~ 1 8 ) ~ I V D L 2 ~ 1 8 ~ ~ 1 ~ D L 3 ~ 1 8 ~ ~ I ~ D L 4 ~ 1 8 ~  
D I H E N S I O N   I T P V ( 3 ) r N A H E ( 3 )  
D I H E H S I O N  I H E T ( 2 ) r I N S T f i L ( 2 , 2 ) 1 I S T B B ( 4 )  
I N T E G E R   R H E T Q ( 3 )  
D A T A   I H A R D / 2 H H A ,   2 H R D r   2 H  C, 2 H O P r   2 H Y  8 Z H D E ,   P H S I ,   P H R E ,   2 H D ? ,   2 H  
2 H   , 2 H Y E , 2 H S   > 2 H  12H , 2 H N O /  
D A T A   R H E T Q / ~ H R H J   B H E T ,   l H Q /  
D A T A  H A H E / O ~ ~ ~ ~ ~ B , ~ H E E J ~ H D /  
DATc\  I Y D L l t 2 H   0 , 2 H   r 2 H   r 2 H   1 2 H   9 r 2 H O   , 2 H   1 2 H   ~ 2 H 1 8 1 2 H O  J 

2 H  , 2 H   r 2 H 2 7 a 2 H O   r 2 H   1 2 H  ' a 2 H 3 6 ~ 2 H O  t' 
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D A T A  I V D L ~ / ~ H ~ ~ J ~ H  4 2 H   1 2 H   ~ 2 H 1 8 1 2 H O   J P H   I S H   , 2 H 2 7 , 2 H O  1 

2 H   1 2 H   , 2 H 3 6 1 2 H O   1 2 H   J 2 H   , 2 H 9 , Q , 2 H  / 
D A T A   I M D L 3 / 2 H 1 8 , 2 H O   1 2 H   , 2 H   1 2 H 2 7 , 2 H O  J ~ H   J ~ H  1 2 H 3 6 J 2 H O  

2 H  J ~ H   1 2 H 9 0 ~ 2 H  ' J ~ H  J ~ H  ~ 2 H 1 8 1 2 H O  / 
D A T A  I ~ J D L ~ / ~ H ~ ~ J ~ H O   , 2 H   J ~ H  1 2 H 3 6 1 2 H O   t 2 H   , 2 H   J 2 . H 9 0 , 2 H  

2 H   , 2 H   r 2 H 1 8 ~ 2 H O  J ~ H  > 2 t t  1 2 H 2 7 1 2 H Q  / 
D R T A  X W D 1 / 3 0 0 . ~ 3 Q Q . 1 3 2 0 . 1 3 2 0 . ~ ~ 4 ~ . 1 3 4 0 . , 3 6 ~ . , 3 8 0 . 1 3 8 0 . ,  

4 0 $ . ~ 4 O 0 . ' , 4 2 0 . , 4 2 0 . ~ 4 4 0 . 1 . 4 4 O . , ~ ~ ~ . J 4 6 0 . /  
D A T A   I C R V T / 2 H W S ,   2 H D T ,   2 H P T )   2 H I J D /  
D k T A   I E X ? 3 / 2 H 3  / 
D A T h  I S T L / ~ H S P ; ~ H E E J ~ H D ( I ~ H M / , ~ H S ) ~ ~ H S > , ~ H  > 2 H T E > Z H M P , 2 H ( D , 2 H E G , 2 H  C J  

1 2 H )  / 
D A T A   I C U R i / 2 H T O ,   2 H U C ,   2 H H  I 2 H Y - ,  2 H A X )  P H I S ,   2 H  T ,   2 H O  1 B H E N ,  

1 P H T E ) P H R   , ~ H T O J ~ H P   > 2 H O F , 2 H   S , 2 H U R , 2 H F A , 2 H C E , 2 H   t J 2 H A Y J 2 H E R /  
D A T A   T P R / 1 3 9 . ,  i 8 7 . d  236., 2 8 5 . J   3 3 4 . 1 3 8 3 .  / 
D A T A   X D T I C t ' I O O .  J 1 0 6  . /  
D A T A   I T E S T l 2 H   1 2 H  I Z H  J ~ H  > 2 H   > 2 H  J ~ H  j 2 H  J ~ H  , 2 H  / 
D R T B  I S U R L 1 / 2 H S U , 2 H R F > 2 H A C , S H E : , 2 H  I 

2 H   , ~ H P R I ~ H E S , ~ H S U , ~ H R E I  
2 H   1 2 H  J 2 H  I 2 H  J 2 H  M I  
2 H B   , 2 H  2 2 H   1 2 H   D I   2 H E N l  
2 H S I   , 2 H T Y ,   2 H  J 2 H  I 2 H  J 

2 H   , 2 H   G , 2 H / H , Z H   > 2 H  / 
2 D A T R   I D T / P H D R J   2 H Y  I 2 H T E ,   ~ H M P J   P H E R ,   2 H A T ,   ~ H U R J   2 H E  I 2 H (  D, P H E G J  

1 2 H  C J 2 H )  / 
D A T A   I P T / S H P O ,   P H T E ,   P H N T ,   2 H I A J   2 H L  J P H T E ,   2 H 1 1 P J   2 H  < 3 2 H ' D E ,   2 H G  J 

1 2 H C ) /  
D A T A   I # I N U S / I H - i  
D A T A   I U S / P H M I  J P H N D ,   2 H  S, P K P E ,   P H E D ,  2!4 2HM/, 2HS > /  
D A T A   I W D / 2 H M I , 2 H N D > P H  D , 2 H I R , 2 H E C , 2 H T I , 2 H O N , 2 H  0 2 H D E , 2 H G ) /  
D A T A   I S U R T / ~ H S U , ~ H R F J ~ H A C , ~ H E   > 3 H  J ~ H  J 2 H   J 2 H   1 2 H T O a 2 H P  

2 H L A 2 2 H Y E r P H R   > 2 H   , 2 H  1 2 H  J ~ H  J P H B ~ J ~ H T   , 2 H L A ,  
~ H Y E I ~ H R  / 

D A T G  I S U R T ~ / P H S U , ~ H R F J ~ H A ~ J ~ H E  1 2 H   J ~ H T O J ~ H P   > Z H L R , Z H Y E , 2 H R  , 
2 H  3 2 H B O   1 2 H T  J 2 H L A a   S H Y E  a 2 H R  / . ,  D B T A  IDATL/2HDB,2HTE/,ITIML/2KTI,2HflE/ 

D A T R   I A L T L / 2 H   A J ~ H   L 1 2 H   T , 2 H   I l 2 H   T J 2 H   U , 2 H   D J ~ H   E /  
D A T A  T S U R X / 1 0 8 . ~ 1 3 ~ . ~ 1 4 0 . 1 1 7 Q . ~ l 8 0 . ~ 2 1 0 . ~ 2 2 0 . 1 2 5 0 . ~ 2 6 ~ . ~ 2 9 O . ~  

i 3 0 b . ~ 3 3 0 . ~ 3 4 0 . ~ 3 7 Q . ~ 3 8 4 . ~ 4 1 0 . ~ 4 2 0 . 1 4 5 0 . ~ 4 6 0 . J 4 9 0 . /  
D R T B  B S U R X / 1 0 8 . Q ~ 1 6 0 . Q ~ l 8 2 . 5 ~ 2 4 2 . 5 1 2 6 5 . 0 , 3 2 5 . 0 ~ 3 2 5 . 0 ~ 3 4 7 . 5 ~ 4 0 7 . 5 ~ 4 3 O . O ~  

4 9 0  .Q/ 
D A T A   I T O P / P H   T , P H O P / ,   I B O T / P H   B J ~ H O T /  
D A T R   I X N U t 4 / 2 H i O ,   2 H - 5 1 2 H  0 1  2 H   5 , 2 H 1 0 , 2 H l 5 , 2 H 2 0 , 2 H 2 5 1   2 H 3 0 , 2 H 3 5 1  

2 H 4 0 ~   2 H 4 5 t   2 H 5 0 /  
D A T A   X / l O O .   , 4 6 0 . )  i O O . ,  1 6 0 . )  
D k T C I   Y / 9 0 . ~ 9 0 . > 9 0 . J 4 1 0 . /  
D A T A   I Y N U f l / P H  I 2 H   O , 2 H   4 , 2 H O O ,  2 H  8 f l 2 H 0 0 . 4   2 H i 2 , 2 H O O J   2 H 1 6 s 2 H Q O J  

i 1 2 H 2 0 1 2 H 0 0 1 2 H 2 4 ~ 2 H Q 0 , 2 H 2 8 ~ 2 H 3 2 1 2 H 0 0 , 2 H 3 6 , 2 H ~ O 1 2 H 4 ~ , 2 ~ ~ ~ /  
C * *  T H I S  I S   T H E   A L T E R N A T E   D A T R   S E T   W H I C H  IS B E I N G   C R E , R T E D ,   T H E S E  
C * *  C H A R A C T E R S  A R E  5 B Y  6 R A S T E R   U N I T S   I N   S I Z E  
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D A T A   L C H A R / ~ H O / J   I A L T / 2 H O 1 , 2 H 2 3 ,   2 H 4 5 1 2 H 6 7 1   ~ H B ~ J ~ H B B J   ~ H C D J  
1 ~ H E F , ~ H G H , ~ H I J J ~ H K L I ~ H ~ H ~ ~ H O P , ~ H O P J ~ H Q R , ~ H S T J ~ H U V ,  
1 2HWX,2HYZ,2H+-,2H*/,2Ho/ 

C * *  T H E   F O L L O U I N G   D A T A   S T A T E H E N T   C O N T A I N S   O C T R L   R E P R E S E N T A T I O N  
c * *  OF A N  A L T E R N A T E  C H A R A C T E R  S E T  A S  F O L L O W S :  O - ~ , A - Z ~  A N D  
C * *  S P E C I A L   C H A R A C T E R S  + ~ - J * J  / J (  J 1 

D A T A  IALTCH/36B~41B~41B136B14*0,0,216,778, 1 8 1 4 * 0 ~  o J 1  
1 23B,45B,45B,31B~4*0,42B,41B,51BJ66B,4*0, 2 1 3  
1 14B,248~778,48,4*0,72B,SlB1510~46B~4*b, 4 J 5  
1 3 6 8 1  4 5 8  I 4 5 B ~ 2 B  J 4 * 0 ,  C O B  J 4 3 B 1 4 4 B  J 7 0 0  J 4 * 0 ,  6 , 7  
1 2 6 B , 5 1 B ~ S 1 B , 2 6 8 , 4 * * , 2 0 B , 5 1 8 , 5 1 8 , 3 6 B 1 4 * 0 ,  8 8 9  
1 3 7 8 , 5 0 8 , 5 0 8 ~ 3 7 8 1 4 * 0 ~ 7 7 B , 5 1 B , 2 6 B 1 4 * O I  A J B  
1 3 6 8 , 4 1 8 , 4 1 8 ,  22B,4*0,778>416,41BJ36B,4*0J CID 
1 E , F  
1 36B,41B,45B,26B,4*0,77B,l0B,lOB,77B~4*0, G J H  
1 I , J  
1 7 7 B 1   1 4 B j  2 2 B ~ 4 1 B ~ 4 * 0 ~ 7 7 B ~ l B ~ l B , l B ~ 4 * 0 ,  K I L  
1 t l # N  
1 36B,418,4lB,368,4*0,778,448,44B,308,4*0, O J P  
1 3 4 8 , 4 2 8 , 4 2 B , 3 5 8 , 4 * 0 , 7 7 B ~ 4 4 B ~ 4 6 8 , 3 1 B ~ 4 * 0 ~  Q l R  
1 2 2 B , 5 1 B ~ 4 5 B ~ 2 2 B ~ 4 * 0 . ~ 4 0 8 ~ 4 0 B ~ 7 7 8 ~ 4 O B ~ 4 0 B ~ 3 * 0 ~  S , T  
1 7 6 8 ,   l B , l B ~ 7 6 B , 4 * 0 , 7 4 B , 2 B ~   1 8 , 2 B , 7 4 6 1 3 * 0 ,  U , V  
1 7 6 B ~ l B ~ 3 6 B ~ 1 B ~ 7 6 B ~ 3 * 0 ~ 6 1 B ~ 1 2 B ~ 0 4 B ~ 1 2 B ~ 6 1 B ~ 3 * 0 ~  U J X  
1 6 0 B , l b B , 1 7 B , 1 0 6 ~ 6 0 B ~ 3 * 0 ~ 4 1 B , 4 3 8 , 4 5 B ~ S 1 B ~ 6 1 B ~ 3 ~ ~ ~  Y J Z  
1 2 * 4 B ~ 3 7 B , 2 * 4 8 ~ 3 * 0 ~ 5 * 4 B ~ 3 * 0 ~ 2 1 B , 1 2 B ~ 3 7 B , 1 2 8 ~ 2 1 B ~ 3 k ~ ~  t r -  

1 1 B 1 2 B 1 4 B ~ i 0 B ~ 2 0 B ~ 3 * 0 1 0 , 3 6 B , 4 1 B ~ 4 1 B ~ S * 0 ~ 0 ~ 4 1 B ~ 3 6 B ~ 5 * 0 /  / I (  

D A T B   I A L T C l / O >   1 2 8 1   1 2 8 , 1 2 B s   4 * 0 /   = J S P  
D A T A   I A L T P / O ,   l B , B * O /  
D A T A   I A L T C L / O , 1 2 B , 6 * 0 /  
D A T A   I A L T S P / B * O /  
D B T A   I M E T / 2 H < M ,   1 H  j /  
D A T A   I N S T A L / 2 H V A ,   2 H F B j  P H K S ,  2 H C  / 
D A T A   I S T A B / 2 H S T ,   2 H A B )   2 H   H ,   2 H T  : /  

C 
C*** C A L L   Y E R S I O N   S U E R O U T I H E   T O   D E T E R M I N E  I F  R U N N I N G  O N  
C * * *  C R T  OR P L f i S f l A S C O P E  . . . .  I V E R S N = O   F O R   P L A S M A   I V E R S N = l   F O R   C R T  
C 

C * *  C A L L   C R U F ( 1 )   T O   I N I T I A L I Z E   P L A S H A S C O P E  

C * *  C R L L   C L E A R   T O   C L E A R   P L B S W A S C O P E  

C ** C A L L   A L T E R N F I T E   C H A R A C T E R   S E T  

C A L L   V E R S N (   I Y E R S N )  

C A L L   G R A F (  1 ) 

C A L L   C L E B R  

C A L L   L A L T ( L C H B R I I A L T C H J ~ O )  
C A L L   L A L T ~ l H A , I A L T C H ( 8 1 ) , 2 6 )  
C A L L   L A L T C  1 H + ,  I R L T C H ( 2 8 9  ) J  6 )  
C B L L   L A L T (  l H = ,  I A L T C l (  1 ) J  1 )  
C A L L   L A L T (   1 H  , I A L T S P ,  1 ) 
C A L L   L A L T (   1 H :   I A L T C L J  1 
C A L L   L A L T (   1 H .   I A L T P ,  1 ) 



C ** C I L L  SETOR(X0RGnYORG) T O  I N I T I A L I Z E  X I Y  O R I G I N  
C '  ** CALL SETSCCXSCALJ Y S C R L )  T O  SET SCILE FACTORS 

C lLL  SETSC( 1. I 1. ) 
CALL S E T O R <  0 .  I 0 .  ) 

C ** REClD THE C O H H O N   D I S C  F I L E  
C 
. . CALL  RUDIS<NAHE,O) 

c **  LINE<X;Y ,NXYJHODE) T O  P L O T  LINE 
C ** X ,  Y = CO-ORDINATES 
C ** H X Y  = N U H B E R  OF P O I N T S  T O  B E  PLOTTED 
C * *  H O D E ' J  0 SPECIFIES & U R I T E J  = I SPECIFIES R H  ERASE 
C * *  CALL P O I N T ( X , Y , N X Y J ~ ~ O D E )  S A N E  AS.ABOYE  EXCEPT  PLOTS P O I N T S  
C ** P R I N T  D A T E  

CALL  CHAR(2O. , 4 9 0 .  > 0 ,  IDATLI  4 1 2 ~ 1  ) 
XL(1 )  = 2 0 .  
X L ( 2 )  = 4 8 .  
YL(1 ) = 4 8 8 .  
Y L ( 2 )  = 4 8 8 .  

CALL CODE 
CALL L I N E ( X L , Y L , 2 , 0 )  

Y R I T E (  I D B T E J 3 0 0 2 )  I S D R Y ,  ISHOH(1 IIISRON(P), I S Y E R R  
3 0 0 2  F O R H A T C I ~ J ~ X I A ~ , A ~ , ~ X I I ~ )  

CALL C H A R 3 6 0 . , 4 9 0 . ~ 0 1 I D A T € , 1 1 ~ 2 , ! )  
C ** P R I N T  T I H E  

CALL  CHFIR(164.1490. 8 0 ,  1 T I t l L : J 4 1 2 r  1 )  
X L ( 1 )  = 1 6 4 .  
X L ( 2 )  = 1 9 2 .  

CALL C O D E  
C R L L  L I H E ( X L I Y L , ~ I O )  

U R I T E C  i T f l f l E ~ 3 0 0 1  ) I S T I t l  
3 0 0 1  FORHAT( 1 4 )  

CALL C H A R ( 2 0 4 . J 4 9 O . , O J I T n # E , 4 , 2 1 1 )  
CALL C H A R ( 2 4 0 . 0 , 4 9 0 . 0 , O , I F L A C ( 4 ) , 1 1 2 I ~ ~  
I F C I V E R S H  .EQ. 0)CALL C H A R C 2 4 8 . 0 , 4 9 U . O , O J L A U N T D ( 4 ) , 2 , 1 )  
IFCIVERSN . E Q .  1)CRLL C H A R ( 2 4 6 . 0 1 4 9 0 . 0 , 0 1 L ~ U ~ T D ~ 4 ) 1 2 , 2 ~ 1 ~  
I F C   I F L A G ( 3 )  . E Q .  0 ) G O  T O  2 
I = I F L A G ( 3 )  - IFLAC(  3 ) / 3  ' 

X L ( 1 )  = 3 0 8 . 0  
X L ( 2 )  = 3 3 6 . 0  

CALL C H F I R ( 3 0 8 . 0 , 4 9 0 . 0 , O , I N S T & L ( l , 1 ~ , 4 ~ 2 ~ 1 )  

CALL L I N E ( X L I Y L , P j O )  
C **  P R I N T  S U R F A C E   P R E S S U R E  c l N D  D E N S I T Y  

2 ChLL  CHAR(20. J 4 7 5 .  0 ,  I S U R L l  , 6 0 ,  2 , l )  
I F C I V E R S N  . E Q .  0 )  CALL C H A R C 4 6 8 .  , 4 7 8 .   r O J I E X P 3 , 1 J 2 , 1 )  
I F ( 1 V E R S N   . E Q .  1 )  CALL C H A R ( 3 1 8 . , 4 7 8 . 1 0 > 1 E X P 3 , 1 ~ 2 J l )  
X L ( 1 )  = 20. 
XLC2> = 7 6 .  
Y L < l )  = 4 7 3 .  
Y L ( 2 )  = 4 7 3 .  
CALL L I N E I X L , Y L , 2 1 0 )  
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IF(:   IVERSN . E Q .  0 ) C O  T O  3 
CALL C H A R ( : ~ ~ ~ . ~ J ~ ~ ~ . O I O I I S T A B I ~ ~ ~ ~ ~ )  
CaLL CHAR(:466.0~475.010~ISfL(4),1~2,1~ 
X L ( : l )  = 3 7 4 . 0  
X L ( 2 )  = 4 2 2 . 0  
CRLL  LINE(:XLJYLIPIO) 
CALL C O D E  " 
URITE (: IPRESDa2007)   ALT(31)  
CALL c H A R ( : 4 2 8 . 0 ~ 4 7 5 . 0 ~ 0 ~  I P R E S D J ~ I ~ J ~ )  

C . * *  PRINT SURFACE -- TOP LAYER H E l D E R  -- B O T  LAYER  HEfiDER ( I F  REQD) 
3 IFCIYERSN . N E .  0 ) C O  T O  4 
I = 2 q  
I F ( I . F L A G ( 2 )  . E Q .  1 ) I  = 3 2  

G O  T O  5 

I F t I F L A G ( : 2 )  . E Q .  1 ) I  44 

." CALL C H A R ( 2 2 2 . 0 ~ 4 6 1 . 0 ~ 0 ~ I S U R T 1 ~ 1 ~ 2 ~ 1 )  

+ I = 2 6  

CbLL C H A R ( : 2 2 2 . 0 , 4 6 1 . 0 J 0 1 1 S U R T , I ~ 2 J l )  
5 X L ( 1 )  = 2 2 2 .  

X L ( 2 )  = 2 7 8 .  
YL t  1 > = 4 5 9 .  
Y L ( 2 )  = 459. 
CALL L I N E I X L I Y L ,  2 ~ 0 )  
X L ( 1  > = 302. 
X L ( 2 )  = 3 7 4 .  

I F < I F L f i G ( 2 )  . N E .  1 ) G O  TO 8 
X L ( 1  1 = 3 9 8 . 0  
X L ( 2 )  = 4 7 0 . 0  

CALL L I N E ( X L , Y L I ~ J ~ )  

CALL L I N E < X L , Y L J . ~ ~ ~ )  
C ** P R I N T  D R Y  T E H P E R A T U R E  

C * *  P R I N T  POTENTIAL T E H P E R A T U R E  

C ** P R I N T   W I N D  S P E E D  

C ** P R I N T  W I N D  D I R E C T I O N  

C * *  D R A W  X A X I S  

c **., ORACd Y A X I S  

c * *  D O  LOOP T O  A D D  TIC H A R K S  F O R  x A X  IS 

8 CALL CHAR(30.,450.J0,fDT,24~2,1~ 

CALL CHAR(30.,440.,0JIPT,22,2Il) 

CkLL C H A R ( 3 0 . ~ 4 3 0 . , 0 ~ I M S ~ 1 6 ~ 2 ~ 1 ~  

CALL C H ~ R ( 3 0 . , 4 2 0 . , O J I U D J 2 ~ J ~ , l >  

CALL L I N E ( X L Y J ~ I ~ )  

CALL L I N E I X ( J > , Y ( 3 ) , 2 , 0 )  

X T I C  = 7 0 .  
X T I C S ( 1 )  = 8 8 .  
X T I C 2 ( 2 1  = 9 2 .  
X N U M l  = 6 2 .  

X T I C  = X T I C  + 3 0 .  
X T I C l ( 1 )  = X T I C  

D O  1'0 I = .  1, 13 

A -  103 



13 

10 
c ** 

c ** 
c * *  

2 0  
* *  

3 0  

c * *  

2 0 0 7  

4 

X T I C l ( 2 )  = X T I C  

X T I C l ( 1 )  = X T I C l ( 1 )  + 1 5 .  
X T I C l ( 2 )  = X T I C l ( 2 )  + 1 5 .  
I F ( I . E Q . 1 3 )  G O  T 0 . 1 3  

C O N T I N U E  
X N U H l  = X H U H l  + 3 0 .  

C A L L   L I H E ( X T I C I I X T I C ~ , ~ J O )  

C A L L   L I N E ( X T I C l r X T I C 2 ~ 2 r O )  

I F ( I . E Q . 1 )   C A L L  C H A R ( ~ ~ . / ~ O . J O ~ I H I N U S , ~ , ~ / ~ )  
CALL C H A R i % N U M l ~ 8 0 . ~ 0 ~ I X H U ~ ~ I ~ ~ 2 ~ 2 ~ 1 )  
C O N T I N U E  
D R R U  T I C  H A R K S  F O R  U I N D  D I R E C T I O N   S C A L E  
X U D 2 (  1 )  = 3 0 0 .  
X V D 2 ( 2 )  = 4 6 0 .  
Y W D Z ( 1  ) = 7 0 .  
Y U D 2 ( 2 )  = 7 0 .  
Y U D l ( 1  1 = 6 8 .  
Y W D l ( 2 )  = 7 2 .  
C A L L   t I N E ( X U D 2 , Y U D 2 , 2 , 0 )  
C A L L  C H A R ( ~ I O . / S O . I O , I V D , ~ ~ , ~ I ~ )  
P R I N T   L A B E L S   F O R   X - & X I S  

0 0  L O O P  TO A D D  T I C  M A R K S  T O   Y - A X I S  
YTIC = 5 8 .  
X T I C 2 ( 1 >  = 3 8 .  
X T I C 2 ( 2 >  = 1 0 2 .  
D O  2 0  I = 1 4 1 1  
Y T I C  = Y T I C  t 32. 
Y T I C 2 ( 1 )  = Y T I C  
Y T I C 2 ( 2 )  = Y T I C  
N = ( . I - i ) * 2  + 1 

C A L L  C H A R ( ~ ~ ~ . ~ ~ ~ . / O I I S T L / ~ ~ / ~ / ~ )  

C A L L  C H A R ( ~ ~ . J Y T I C ~ , O J I Y N U ~ ( N ) ~ ~ , ~ ~ ~ )  
C A L L   L I N E C X T I C ~ I Y T I C ~ J ~ , ~ )  
C O N T ! N U E  
P R I N T   L A B E L   F O R   Y - A X I S  
Y X  = 3 6 0 .  
D O  3 0  I = 1 1 8  
Y X  = Y X  - 2 0 .  
C U L L  C H A R ( ~ ~ . , Y X / O , I A L T L ( I ~ J ~ , ~ / ~ )  
C O N T I N U E  

T H I S  P R I N T S  S U R F A C E   P R E S S U R E   A N D   D E N S I T Y   V A L U E S  
A = P R E S S ( 1  > 
CALL C O D E  

FORtiATi  F 6 . 1 )  

CALL C H A R ( 3 0 . O , Y X - 2 0 . 0 / 0 / I M E T , 3 , 2 , 1 )  

W R I T E ( I F k E S D , 2 0 0 7 )  A 

I F ( 1 V E R S N  . E Q .  0 ) C A L L  C H A R ( l 9 6 . ~ 4 7 5 . / 0 , 1 P R E S D / 6 , 2 , 1 >  
I F ( 1 V E R S N  . E a .  1 ) C A L L  C H A R ~ 1 3 3 . , 4 7 5 . / 0 / I P R E S D / 6 , 2 J l ~  
A = S U R D E N  
C A L L   C O D E  



Y R I T E (   I D E N S D I ~ O O ~ )  U 
I F < I V E R S N   . E a .  OICALL C H A R 1 3 8 8 . 1 4 7 5 .  a 0 1  I D E N S D J 6 , 2 > 1  1 
I F C I V E R S N   . E Q .  1 )CALL C H k R C 2 6 0 . ~ 4 7 5 . , 0 , I D E ~ S D , 6 ~ 2 1 1 )  

C **  P R I N T  DRY TEHPERATURES 
A = TEHP(  1 )  
CALL CODE 
Y R I T E (   I S T P I   2 0 0 7 )  A . .  . . .  
CALL C H A R ( 2 3 0 . 1 4 5 0 . 1 0 ~   1 S T P 1 6 a 2 ~ 1  >, 

.. . . 
. .  

C ** P R I N T   P O T E N T I A L   T E H P E R G T U R E S  . . 

A = P T E H P ( 1 )  - 27 '3 .15  : ' ' , I  . .  

CRLL  CODE 
W R I T E (   I S P T ,  2 . 0 0 7 )  A 
CALL C H A R C ~ ~ ~ . ~ ~ ~ ~ . I O I I S P T J ~ , ~ J ~ )  
D O  133 J J = l I N U H  . .  

. #  
. . .  , .  . 

. I  , 

I F < R L T < J J ) . C E . 4 0 0 0 . ?  C O  TO 3 1 3 1  
USYC J J  > = (  A L T C J J  ) ) * . 0 8 +  9 0 .  
D T Y C J J )  = (  A L T ( J J ) ) * . O S t  9 0 .  
P T Y (  J J  > = (  A L T ( J  J ) ) * . O S +  9 0 .  
U D Y C J J )  = C  A L T < J J ) ) * . 0 8 +  9 0 .  
A U D I R C J J )  = I D I R C J J ) .  . 
A P T E f l P C J J )  = P T E I I P < J J )  - 2 7 3 . , 1 5  

133 C O N T I N U E  
J J  = NUM +, 1 

3 1 3 1  I L P  = J J  - 1 
C 
C * *  C c l L L   S U B R O U T I N E  TO R O T A T E   U I N D   D I R E C T I O N  FOR P L O T T I N G  
C 

I .  

CALL U I H D S (   A U D I R I   I L P ,   I S C )  
D O  1 2 3  I K = l r 9  
N < I K - 1 ) * 2  + 1 

XBYD = X U D l < N )  - 8 .  
Y'BblD = 6 0 .  

CALL L I N E ( X U D l C N ) , Y U D 1 ~ 2 , 0 ~  I 

I F ( I S C . E Q . 1 )  CALL C H A R ( Y \ B U D , Y B h l D , 6 , 1 W D L l { N ) , 4 , 2 , 1 )  
I F ( I S C . E Q . 2 )  CALL C H A R ~ X B M D , Y B U D l O , I U D L 2 ( N ) , 4 , 2 ; 1 )  
I F ( I S C . E Q . 3 )  CALL C H A R ~ X B Y D I Y B W D , O I I M D L ~ { ~ ~ ~ ~ ~ , ~ , ~ )  
f F C I S C . E Q . 4 )  CALL C H B R C X B M D I Y B U D , ~ , I W D L ~ ( N ) , ~ , ~ , ~ )  

123 C O N T I N U E  
Ob 134 K K - 1   I L P  _ ,  

USX(  KK 1 = ( S P E E D (   K K 3  ) * 6 .  + 1 6 0 .  
D T X ( K K )   = C T E H P ( K K ) ) * 6 .  t 1 6 0 .  
P T X (   K K )   = ( A P T E H P (  K K  ) ) * 6 .  + 1 6 0 .  
I F ( T E H P ( K K )   . L T . - l O . ) D T X ( K K )  = 1 0 0 .  
I F ( T E H P € K K )   . G T .  5 0 . )  D T X C K K )  = 4 6 0 .  
I F ( f i P T E H P ( K K )   . L T . - 1 0 .   ) P T X ( K K )  = 1 0 0 .  
I F ( A P T E H P € K K )   . G T .  5 0 .  ) P T X C K K )  = 4 6 0 .  
UDXCKK)  = A B S ( A V D I R ~ K K ) ) * . 4 4 4 4 4 4  t 3 0 0 .  

134 C O N T I N U E  
C ** P R I N T  U1tt.D SPEEDS 

..'' b '= SPEED< i ) 

, A - l 0 5  



C c l L L   C O D E  
U R I T E (   I S U S J ~ Q O ~ )  fi 
C & L L  CHClR(230. ~ 4 3 0 .  # O J  I s Y s r 6 ~ 2 r 1 )  

C **  P R I N T   U I N D   D I R E C T I O N S  
t l  = I D I R ( 1 )  
CALL CODE 

. .  . 

W R I T E (   I S Y D J  2 0 0 7 )  A 
CALL C H A R ( 2 3 0 .  ~ 4 2 0 .  J Q , J  I S U D 1 6 , 2 ,  1 )  

C * *  T H I S   P O R T I O N   D R A M S   T H E   W I N D . S P E E D   L I N E  
C A L L  D L I N E ( Y S X , Y S Y ,   I L P , 0 , 8 J 4 j  
X H T  = U C , Y ( I L P )  + 3 .  
C A L L  C H A R C U S X ( I L P ) J X H T J O I I ~ ~ ~ T ~ ~ ~ , ~ J ~ , ~ ~  

C * *  T H I S   P O R T I O N   D R A W S   T H E  D R Y  T E H P E R A T U R E   L I N E  
CALL L I H E ( D T X , D T Y , I L P , O )  
X H T  = D T Y ( I L F )  - 5 . 0  
C A L L  C H A R < D T X (  I L P  ) + 4 . 0  J X H T  O r  I C R V T C  2 > J 2 J 2 , 1 j 

C ?c* T H I S  P O R T I O N   D R A W 8   T H E   P O T E N T I A L   T E H P E R A T U R E   L I N E  
CALL D L I N E ( P T X , P T Y ,   I L P , 0 , 4 ~ 4 1  
X H T  = P T Y C I L P )  + 3 .  
CALL C H A R ( F ~ X I I L P j , X H T , O , l C R ~ T ( 3 ) , 2 , 2 J l )  

I 1  = 1 

I F ( A M D I R ( 1 )  . C E .  0 . )  G O  TO 7 7 7  
NUHP = I - I 1  
CALL D L I H E ~ V D X ~ I l ~ ~ W D Y ~ I l ) , N U n P 1 0 1 4 ~ 8 )  
I 1  = I 

H U U P  = I L P  - 11  + 1 

C * *  T H I S   P O R T I O N   D R A W S   T H E   W I N D '   D I R E C T I O N   L I N E  

D o  7 7 7  1 = 2 J I L P  

7 7 7  C Q N T   I N U E  

C A L L  O ' C I N E <  U # X (  I 1  ) I  UOY(  I 1  )I NUHP,  0 1  4 r . S  > 
X H T  = WDY(1t .P)  - 5 . 0  
CALL C H A R ( Y D X ( I L P ) + ~ . ~ , X H T J O ~ I C R V T ( ~ ) , ~ , ~ , ~ )  

G * *  T H I S   P O R T I O N  D R A U S  T I C  H A R K S  AT V b L I D   D A T A   P O I N T  O F  Y A X I S  
DO 3 3 9  K = ~ J   I L P  
Y D T I C (  1 ) =  A L T C K ) *  . O S  + 3 0 .  
Y D T I C ( 2 )  = Y D T I C C I )  
C A L L   L I N E ( X D T I G , Y D T I C J ~ J ~ )  

3 3 0  C O N T I N U E  
C 
c D R A U   T H E   C L O U D  
C 

Y C L O U D  = A L T ( 3 1 )  * 0 . 0 8  + 9 0 . 0  
CALL C L O U D ( 2 5 O . Q , Y C L O U D )  

C 
C W R I T E   O U T   T H E   T O P  OF T H E   S U R F A C E   L C l Y E R   L I N E   6 N D  fiLLOW I T  
C T O   B E   U O V E D   U P   A N D   D O U N  
c 

CALL ~ O Y E ~ ( J T O P , I L P J ~ J I T O P J ~ ~ ~ . ~ , T S U R X , ~ O )  
TOPSUR = A L T C J T O P )  

C 

A -  1 9 6  



c 
C 
C 

I F  R E Q U E S T E D )   U R I T E  OUT THE  BOTTOH  OF  THE  SURFACE  LLY.ER 
L I N E  AND ALLOU I T  T O  BE MOVED  UP  AND  DOYN 

I F ( I F L A G ( 2 )  . N E .  1 ) G O  T O  4 4 4  

ZB = A L T ( J B 0 T )  
CfiLL H O Y E H ~ J B O T I I L P I ~ J I B O T J ~ ~ ~ . O ~ B S U R X J ~ ~  

c 
C * * *  C H E C K  FOR C R T  O R  P L A S M A   V E R S I O N  
c 

/ I  ; '. .". . . . . :  .: 

4 4 4  I F C I V E R S N   . E Q .  1 ) G O  T O  446 
CALL C H A R ( ~ ~ . J ~ ~ . J O I I H A R O ( ~ ~ I ~ ~ J ~ J ~ ~  ' .  

CALL C H A R ( 1 6 8 . 1 1 6 . ~ , 0 . ~ 1 H A R D ( ; 1 0 ) ~ 8 1 0 , 0 )  
CALL C H A R C 2 3 2 .  J ~ ~ . I Q ~ I H A R D < ' ~ ~ ) , ~ ; Q J ' ~ )  . . .  

CALL I N ( ~ , J T Y P E J O . D O . J O I ~ , ~ ~ ~ ~ ~ ~ , ~ , ~ ~ , ~ X , I Y )  
I F ( I X . C T . 1 5 )  G O  TO 4 4 6  
CALL RWDIS(NRMEI  1 )  
CALL E X E C ( 9 , R t l E T Q )  
CALL RUDISC  NAME, 0 )  

4 4 6  C O N T I N U E  
C * *  ChLL R U D I S  TO P A S S  C H A N C E S  I N '  C O H H O N  #IS F I ' L E  
c 

C * *  CALL NGRCiF T O  R E - I N I T I A T E   P L A S H A S C O P E  
CALL R U D I S (   N A F ~ E J  1 > 
CALL CLEAR 
CRLL NGRAF 
STOP 
E N D  
S U B R O U T   I H E   U I N D S (  YD IHUDI I S C  ) 
DX HENS I ON UD( 1 >, ENDPT(  4 )  J NUflU.P( 4 
E Q U I V R L E H C E   ( J I L E A S T )  
D A T A  E N D P T / O . 0 ] 9 0 . 0 1 1 8 0 . 0 , 2 7 0 . 0 /  
D O  2 I = 1 1 4  

2 NUPlUP(1 )  = 0 
Y D 2  = H D ( 1 )  
00 8 I = ~ J N Y D  
Y D 1  = U D 2  
Y D 2  = WDC I) 
D O  6 J = 1 1 4  
C l  = U D l  - ENDPTC J )  
I F ( C 1   . L T .   0 . 0 ) C l  = C 1  t 3 6 0 . 0  
C2 = WD2 - E N D P T C J )  
I F ( C 2   . L T .  O . O ) C 2  = C2 t 360.0 
I F < A B S < C l - C 2 )   . L E .  180.O)CO T O  6 
NUHUP( J )  = NUMUP( J )  t 1 

6 CONTINUE 
8 C O N T I N U E  

I S C  = 1 
L E R S T  = NUt lUP(  1 )  
DO 1 2  1 - 2 1 4  
I C ( N U H U P ( 1 )  . G E .  L E A S T ) C O  TO 12 

A-107 



s s c  = I 
L E A S T  = N U H O P (  I) 

12 C O N T I N U E  
5 0  1 7  I = l , N Y D  
U D ( I )  = U D ( 1 )  - E N D P T C  I S C )  
I F C Y D ( 1 )   . L T . . O . Q ) U D ( I )  = U D ( 1 )  + 3 6 0 . 0  

WDP = W D ( 1 )  
D O  22 1 = 2 , N Y D  I 

i JD1  = blD2 
U D 2  = M D ( 1 )  
I F ( A B S ( W D i - W D 2 )  . L E .  1 8 6 . 6 ) G O  T O  2 2  
Y D C I )  = - I d D ( I )  

t 7  C O N T I N U E  

22 C O N T I N U E  
R E T U R N  
E N D  
S U B R O U T I N E   C L O U D ( X P , Y P )  

c .  
C C O M f l O N   B L O C K  . 

A -  1 0 8  



Y ( 3 )  = YP 
Y O )  = YP - R A D I U S  
Y ( 5 )  = Y ( 1 )  
C A L L   L I N E ( X I Y I S I O )  
X C 2 )  = XP - R A D I U S  
Y ( 2 )  = YP 
C B L L   L I N E O X , Y , 2 , 0 )  
X (  3 )  = XP 
" ( 3 )  = YP + R A D I U S  
C A L L   L l N E ( X t 3 ) 1 Y ( 3 ) 1 2 , 0 )  
R E T U R N  
E N D  
S U B R O U T I N E  M O V E H ( J N D ~ H A X J N D ~ H I N J N D ~ L A B ~ X L A B E L J X L I N E ~ H L I N E ~  

C 
C COMMON B L O C K  
C 

COMMON A L T ~ ~ ~ ~ ~ A L ~ , C O N H A X , C O N C P K I D E G R A D ~ R ~ ~ R ~ ~ O S P K ~ E ~ ~ C L D H T ~  
I D I R ( 3 1   I O P T ( 3 ) )   I T I M E I I D A Y , H O N T H ( ~ ) ,   I Y E A R I I S T I H ,   I S D B Y ,  
I S N O N ~ 2 ~ ~ I S Y E A R , I V 2 ~ J T O P ~ J B O T I L A U H T D o ~ L T I H E ~ L T I ~ ~ L ~ Q Y ~  
L M O N ~ ~ ) ~ L Y E A R I L U ~ N U ~ ~ ~ P I I P I O V R ~ , P I ~ ~ ~ P R E S S ~ ~ ~  ) , P T E H P ( 3 1  ) ,  
S I G H C L , R B D D E G ,   R A T O M C , C L D R A D , R Z , R 3 ,   S A V E A (  30 ), S A V E R (  3 0  ), S I G A ,  
S I G X O , S I C X I S P E E D ( ~ ~ > , S Q R ~ P I ~ S U R D E N ~ S I G Z ~ ~ S I G A P ~ ~ ~ , T E ~ P C ~ ~ ~ ~  
T O P S U R I T Y O P I ~ A S P D I V P ~ R ~ ~ ~ ~ ~ C R T I N E ~ ~ ~ ~ ~ D ~ S T ~ Y E S ~ Y ~ I N U ~ R U N ~  
Y P O S ,   I F L A G ( 5  ) I  2 6 ,  ZZ, R E F L E C ,   I R E T R N  

L O G I C f i L  L T I H E  
I N T E G E R  Y E S  
E Q U I V A L E N C E  (QCl,YPAR(l)),(QC2,VPRR(2)),~~C3,'~P~R(3)), 

( Q T ~ J Y P A R ( ~ ~ ) , ( Q T ~ , V P A R ( ~ ) ) , ( Q T ~ , V P A R ( ~ ~ ) ,  
< B A ,  V P R R I  7 > ) I  ( B B I  V P A R (  8 j 1 I ( C C  I VPRR( 9 ) I  

( H E A T H , V P A R ( l O ) ) , ( H E A T N , V P Q R ( l l ~ j , ( H E A T ~ , V P R R ~ l 2 ~ ) ,  
~ P H C L I V P A R ( ~ ~ ) ) , ( P C O , V P ~ ~ R C ~ ~ ) ) , ( ~ C O ~ , V P ~ R ( ~ ~ ) ) ,  
~ P A L 2 0 3 ~ ' ~ P A R ( i 6 ) ~ ~ ~ P N ~ ~ ' ~ P R R ~ l 7 ~ ~ ~ ~ G A H ~ A X ~ ~ P f i R ~ l 8 ~ ~  

2 0 0 0  F O R R A T  C F 6 . 1 )  
2 0 0 1  F O R H A T  < I '  " 1 3 "  . Q " )  

1 N T E G E . R  B U E S ( I ~ ) I A N S ~ , ~ N S ~ ( ~ ) , ~ N S ~ ( ~ ) , B L A N K S ( ~ ~ )  
D I M E N S I O N  L R B ( I ) , X L I N E ~ l ) , Y L I N E ~ Z ) , J ~ ~ D R L T ~ 3 ~ , J N D ~ ' A R ~ 3 , 4 ~  
E Q U I V A L E N C E  ( J H D V R l  I J HDVARC 1 1  1 > j I (  JNDVRP. .   JNDVARC 1 1 2 )  >, 

( J N D V R J / J N D V h R (   1 , 3 ) ) , (   J N D 1 4 R 4 , J N O V R R < 1 ~ 4 ) )  
D A T A  Q U E S / ~ H M O J ~ H Y E I P H   , 2 H   / 2 H  0 J 2 H F  , 2 H S U , 2 H R F , 2 H B C > 2 H E   I P H L A ,  

2 H Y E 1 2 H R : i  
D Q T B  A N S 1 / 2 H U P / ,   A N S 2 / 2 H D O ,   2 H W N / ,   A N S 3 / 2 H C O ,   2 H N T a   S H I N ,   2 H U E t  
D R T A  B L U N K S / 2 6 * 2 H  i 
N E U J N D  = 0 

Y L I N E ( 2 )  = Y L I N E (  1 )  

J = 2 * I - l  

Y = Y L I N E ( 1 )  + 2 . 0  

1 Y L I N E ( 1 )  = A L T C J N D )  * 0 . 0 8  t 9 0 . 0  

D O  4 I = l , N L I N E  

4 C A L L .   L I N E I X L I N E t  J ), Y L I N E J P ,  0 )  

C A L L  C H k R ( 4 6 0 , O , Y , Q , L A B , 4 , 2 1 1 )  



- ... .. 

6 

11 

15 

1 8 .  
2 2  

24 

26 

Y = Y - 1 0 . 0  
CRLL C O D E  
W R I T E  JNDALT, 2000)   ALT(  JND > 
CALL C H A R C ~ ~ ~ . ~ , Y I ~ , J N D A L T , ~ , ~ , ~ )  
CCILL  CODE 
Y R I T E  ( JNDVR1,2000)  TEMPCJND) 
YLABEL = PTEFlP(JND1 - 2 7 3 . 1 5  
CALL C O D E  
URITE C JNDVR2,2000)  YLABEL 
CALL CODE 
I I R I T E  C J N D V R 3 , P O O O j  S P E E D (  JND> 
CALL C O D E  
U R I T E  < JNDVR4,2001) I D I R C  JND) 
YLABEL = 4 5 0  . O  
D O  6 1 = 1 , 4  
CALL C H A R C X L A B E L , Y L ~ B E L / Q , J ~ D ~ ~ R ( l , I  1 ,612 ,  1 )  
YLABEL = YLABEL - 1 0 . 0  
IF(NEMJND . E Q .  J N D ) C O  T O  1 1  
Q U E S ( 3 )  = L A B (   1 )  
QUESC4) = L A B ( 2 )  
CALL C H A R C ( O . O I l . O , - l , Q U E S , 2 6 r 3 , 0 )  
CALL C H A R C ( 2 9 . 0 , 1 . 0 , - 1 , A N S l , 2 , ~ ~ 0 )  
CALL CHARC(36.0,1.0,-l,ANS2,4,0,0) 
CALL C H A R C ( ~ ~ . ~ , ~ . ~ J - ~ , A N S ~ , ~ , ~ / O ~  
CALL I N ( ~ ~ J , O . ~ ~ O . O J Q J O ~ O J O ~ ~ ~ ~ ~ ~ ~ ~ ~ I ~ J >  
I F C I  . L E .   2 0 ) C O  T U  15 

R E T U R N  
I F C I  . G E .  17)GO T O  18 

G O  T O  2 2  

I F ( N E U J N D  . E Q .  J N D ) C O  T O  1 1  
D O  2 4   I = I , N L I N E  
J = Z * I - l  
CALL L I N E ( X L I N E (  J ) , Y L I N E , 2 , 1 )  
CALL C H A R F ~ C O . O , Y I O , J N D A L T , ~ J ~ , ~ )  
Y = Y + 1 0 . 0  
CALL C H A R ( ~ B O . O , Y , O I L A B I ~ , ~ ~ ~ )  
YLABEL = 4 5 0 . 0  

CALL C H R R F O . O , ~ . ~ , - ~ J B L A N K S ~ ~ ~ , ~ , ~ )  

NEWJNO = # I H I S ( J N D  + 1,i IAXJND) 

HEWJND = llAXO(JND - 1 , H I N J N D j  

D O  2 6  I = 1 , 4  
CALL C H k R C X L A B E L , Y L A B E ~ , O , J N D ~ ~ R C l , r ~ , 6 , 1 J l )  
YLABEL = YLABEL - 1 0 . 0  
JND = NEWJND 
G O  T O  1 
E N D  
S U B R O U T I N E   R M D I S C N A H E ,  J J )  

C 
C 
C 

C O H M O N  B L O C K  
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c * *  
c * *  

c * *  
c * *  
c * *  

D A T A   I Y D L 4 / 2 H 2 7 , 2 H O  J 2 H  J ~ H  j 2 H 3 6 ~ 2 H O   , 2 H   , 2 H   , 2 H 9 0 , 2 H  , 
2 H   , 2 H   I 2 H 1 8 1 2 H O   , 2 H   , 2 H   ~ 2 H 2 7 , 2 H O  / 

D A T A  X U D f / 3 0 0 . ~ 3 0 6 . , 3 2 0 . , 3 2 0 . 1 3 4 0 . , 3 4 0 . , 3 ~ 0 . 1 3 6 ~ . , 3 8 0 . , 3 8 ~ . ,  
1 4 0 0 . ~ 4 0 0 . , 4 2 0 . 1 4 2 0 . ~ 4 4 0 . , 4 4 0 . , 4 6 0 . , 4 6 0 . /  

D A T A   I C R V T / 2 H Y S ,   P H D T ,   2 H P T 1 2 H W D t '  
D A T A   I E X P 3 / 2 H 3  t' 
D A T A  I S T L / ~ H S P I ~ H E E , ~ H D ( , ~ H ~ ~ / J ~ H S > ~ ~ H  , 2 H T E , Z H M P , 2 H ! D 1 2 H E G , 2 H   C ,  
12H) / 

D A T A   I C U R 1 / 2 H T O ,   2 H U C J   2 H H  I 2 H Y - )   Z H A X ,   2 H I S ,   2 H  T, 2 H 0   , 2 H E N ,  
1 2 H T E j 2 H R   J ~ H T O ~ ~ H P   , 2 H O F , P H   S I ~ H U R I ~ H F A , ~ H C E I ~ H   L , 2 H A Y , 2 H E R /  

D A T A   T P R / 1 3 9 .  I 1 8 7 .  I 2 3 6 . 8  2 8 5 .  I 3 3 4 . 4  3 8 3 .  / 
D A T A   X D T I C t ' i 0 0 . ~ 1 0 6 . /  
D A T A   I T E S T / 2 H   I 2 H   > 2 H  4 2 H   j 2 H  I 2 H   , 2 H   , 2 H  J 2 H   , 2 H  t' 
D A T A  I S U R L ~ / ~ H S U , ~ H R F , ~ H A C , ~ H E : ~ ~ H E : , ~ H  

2 H   , 2 H P R  8 2 H E S  I 2 H S U  I 2 H R E  8 

2H  , 2 H   , 2 H   , 2 H   , 2 H  H ,  
2 H B   , 2 H   , 2 H   , 2 H  D , 2 H E t l ,  
2 H S I   I ~ H T Y I   2 H   > 2 H  > 2 H  8 

2 H   , 2 H   C , Z H / H , 2 H  , 2 H  / 
D A T C I   I D T / 2 H D K ,   2 H Y  , 2 H T E J   Z H M P ,   2 H E R ,   ? H A T S   S H U R ,   2 H E   Z H C D ,   2 H E G ,  

1 2 H   C , 2 H )  / 
D A T A   I P T / P H P O *   2 H T E a   2 H H T a   P H I A ,   2 H L  I 2 H T E s P H M P ,   2 H  C 4 P H D E ,   2 H G  

1 2 H C ) I  
D h T A   I W S / 2 H Y I , 2 H N D , 2 H   S , 2 H P E , 2 H E D , 2 H   ( > 2 H M / , 2 H S ) /  
D A T A   I Y D / ~ H W I , ~ H N D I ~ H  D , 2 H I R > 2 H E C , 2 H T I , Z ! H O N , 2 H  C , P H D E , P H G ) /  
D A T A   I S U R T t ' 2 H S U j   2 H R F , 2 H A C , 2 H E   j 2 H  I ~ H  a 2 H   , 2 H   , 2 H T 0 , 2 H P  

~ H L A J ~ H Y E J ~ H R   > 2 H   t 2 H   J ~ H   J 2 H   , 2 H E 0 , 2 H T   r 2 H L A t  
2 H Y E j 2 H R  / 

D A T A   I D A T L / P H D Q , 2 H T E / ,   I T I M L / 2 H T I   , 2 H 1 4 E /  
D A T A   I d L T L / 2 H   Q , 2 H   L , 2 H   T , 2 H   I , 2 H   T J 2 H  U s 2 H  D ,  2 H   E /  
D A T A   I M I N U S / l H - /  
D A T A  T S U R X / 1 0 8 . ~ 1 3 0 . ~ 1 4 0 . ~ 1 7 0 . ~ 1 8 0 . ~ 2 l Q . ~ 2 2 0 . ~ 2 5 Q . ~ 2 6 0 . ~ 2 9 0 . ~  

1 3 0 Q . 1 3 3 0 . ~ 3 4 0 . ~ 3 7 0 . ~ 3 8 0 . ~ 4 1 0 . ~ ~ 2 0 . ~ 4 5 ~ . 1 4 6 0 . ~ 4 9 0 . /  
D A T A  B S U R X / 1 0 8 . 0 ~ i 6 0 . 0 1 1 8 2 . 5 ~ 2 4 2 . 5 ~ 2 6 5 . 0 ~ 3 2 5 . ~ ~ 3 4 7 . 5 ~ 4 0 7 . 5 ~ 4 3 0 . 0 ~  

4 9 0  . 6 /  
D A T A   I T O P I 2 H   T , P H O P / ,   I B O T / 2 H   B I Z H O T /  
D A T A   I X N U H / ~ H I O I   2 H - 5 1 2 H   O 8 2 H  5,2Hi0,2HlS,ZH20>2H25,2H30, 2 H 3 5 ,  

2 H 4 0 , 2 H 4 5 , 2 t i 5 0 /  
D A T A   X / l O Q . ~ 4 6 Q . ~ i 0 0 . ~ 1 0 0 . /  
D h T h  Y/90.,90./90.>410./ 
D h T C I   I Y N U f l t ' 2 H   , 2 H  Q s  2 H   4 , 2 H 0 0 , 2 H   8 , 2 H 0 0 , 2 H l 2 , 2 H 0 0 1 2 H l . C ,   2 H 0 0 ,  
12H20,2H0012H24,2H00,2H2812~0012H0Q,2H32,2H0~,ZH36,2H~~,2H4~),2H00/ 
T H I S   I S   T H E   A L T E R N A T E   D h T A   S E T   W H I C H  IS B E I N G  C R E A T E D ,   T H E S E  
C H A R A C T E R S   A R E  5 B Y  6 R A S T E R   U N I T S   I N   S I Z E  

1 ~ H E F , - ~ H G H ~ ~ H I J , ~ H K L ~ ~ H ~ H , ~ H O P , ~ H ~ R , ~ H O P , ~ H Q R > ~ H S T , ~ H U V ,  
1 2HYX,2HYZ,2H+-,2H*/,2HO/ 
T H E   F O L L O Y I N G   D A T A   S T A T E H E N T   C O N T A I N S   O C T ( I L   R E P R E S E N T A T I O N  
OF AN A L T E R N A T E   C H A R A C T E R . S E T   A S   F O L L O W S :  0-9,A-ZJ A N D  
S P E C I A L  C H A R A C T E R S  + , - *  * r  / I  < 1 

D n T A   L C H A R t l H O / ,   I A L T t ' 2 H O l t  2H23,2H45,2H67,2H89>2HhB,2HCD, 
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C * *  CALL P O I N T ( X , Y I N X Y , H O D E )  SAHE AS A B O V E  E X C E P T  PLOTS P O I N T S .  
. C ** P R I N T  DATE 

CALL C H A R C P O . ,  490 .2  0 ,  IDATL,  4, 22 1 ) 
X L ( 1 )  = 2 0 .  
X L ( 2 )  2: 4 8 .  
Y L ( 1 )  = 4 8 8 .  
Y L t 2 )  = 488. 

CALL CODE 
CALL  LINECXLIYL,  210 1 

Y R I T E ( I D A T E , 3 0 0 2 )  I S D A Y , I S H O N ( l > , I S ~ O N ( 2 1 , I S Y E A R  
3 0 0 2  FORffhTC 1 2 , 1 X , A 2 , h 1 ~ 1 X 2  14) , 

CALL C H A R ~ 6 0 . ~ 4 9 0 . , 0 1 I D A T E , 1 1 , 2 , 1 ~  
C **  P R I N T  T I H E  

CQLL C H A R ~ 1 6 4 . , 4 9 0 . ~ O , I T I t l L , 4 ~ 2 ~ 1 )  
X L ( 1 )  = 1 6 4 .  
X L ( 2 )  = 1 9 2 .  

CALL CODE 
CALL L I N E ( X L , Y L , S # O )  

W R I T E (  I T t l H E , 3 0 0 1 )  I S T I H  
3 0 0  1 F U R H A T <  I4 > 

CALL C H A R ( 2 0 4 . ~ 4 9 0 . , 0 ~ 1 T H H E , 4 , 2 > 1 )  
CALL CHAR(240.'0,490.010,1FLAG(4),l,2, 1 )  

I F ( I F L A C ( 3 )  . E Q .  0 ) C O  T O  2 
I = I F L A C ( 3 )  - I F L A C ( 3 ) / 3  

X L ( 1 )  = 3 0 8 . 0  
X L ( 2 )  = 3 3 6 . 0  

CALL  CHAR(246.OI   490.0  1 0 ,  LAUNTD( 4 ), 2 2 2  1 1 ) 

CALL C H A R ~ 3 0 8 . 0 ~ 4 9 0 . 0 ~ O ~ I N S T A L ( 1 I I ) , 4 , 2 , 1 )  

CALL L I N E ( X L , Y L , 2 , 0 )  
C **  P R I N T  SURFACE P R E S S U R E  A N D   D E N S I T Y  

2 CALL C H A R < P O .  8 4 7 5 . a  0 ,  I S U R L l , 6 0 2 2 , 1  > 
CALL C H A R ( 3 1 8 . , 4 7 8 . , O * I E X P 3 s l J 2 J l )  
X L ( 1 )  = 2 0 .  
X L ( 2 )  = 7 6 .  
Y L ( 1 )  = 4 7 3 .  
Y L ( 2 )  = 4 7 3 .  
CALL  LIHE(XL,YL,B,O) 
CALL C H A R ( 3 7 4 . 0 , 4 7 5 . 0 ~ O > I S T A B , 8 , 2 , 1 )  
CALL C H A R C 4 6 6 . 0 , 4 7 5 . 0 1 0 ~ 1 S T L ~ 4 ~ ~ 1 ~ 2 ~ 1 )  
XL(1 )  = 3 7 4 . 0  
X L ( 2 )  = 4 2 2 . 0  
CRLL L I N E ( X L , Y L I ~ J O )  
CALL CODE 
U R I T E  C I P R E S D I  2007)   ALT(  3 1  ) 
CALL C H A R ( 4 2 8 . 0 , 4 7 5 . 0 ~ 0 ~ I P R E S D I 6 , 2 r l )  

c +* PRINT S U R F A C E  -- T O P  L A Y R T  H E A D E R  -- B O T  LAYER, H E A D E R  (IF R E Q D )  
I = 26 
I F ( I F L A G ( 2 )  . E Q .  1 1 1  = 4 4  
C A L L   C H A R ( 2 2 2 . 0 ~ 4 6 1  . O J O , I S U R T I I I ~ , ~ )  
XL(1) = 2 2 2 .  
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X L ( 2 )  = 278. 
Y L < l )  = 459. 
Y L t 2 )  = 4 5 9 .  
C i l L L   L I N E C X L I Y L I ~ I O )  
X L C I )  = 3 0 2 .  
XL(2 )  = 374. . 
CALL L I N E ( X L , Y h , 2 r O )  
I F < I F L A C < P )  . N E .  1 )  G O  T'O 8 
XLC1) = 398. 
XL(2)  = 4 7 0 .  
CfiLL L I N E ( X L J Y L I ~ J O )  

C ** P R I N T  DRY  TEHPERATURE 
8 .  CALL CHAR(30.1450.,01IDT~2412~1) 
C **  P R I N T   P O T E N T I A L   T E H P E R A T U R E  

C ** P R I N T   U I N D   S P E E D  
CIILL C H A R ( 3 0 . 1 4 4 0 . r O ~ I P T , 2 2 ~ 2 ~ 1 )  

CALL C H I I R ( 3 0 . , 4 3 0 . , 0 , I Y S ~ i C , 2 l i )  
C **  P R I N T   U I N D   D I R E C T I O N  

CALL CH~R(30.,420.,0,IVD120,2,1~ 
C * *  DRAY X A X I S  

CElLL L I N E ( X I Y , ~ I O )  
C ** DRIIld Y R X I S  

CALL t I N E ( X ( 3 ) , Y ( 3 ) , 2 , 0 )  
C * *  D O  LOOP TO. l l D D   T I C   H A R K S  FOR X A X I S  

X T I C  = 7 0 .  
X T I C P ( 1  1 = 8 8 .  

' X T I C 2 ( 2 )  = 9 2 .  
X N U H l  = 6 2 .  

X T I C  = X T I C  t 3 0 .  
X T I C l ( 1 )  = X T I C  
X T I C l ( 2 )  = X T I C  

X T I C l ( 1 )  = X T I C l ( 1 )  + 1 5 .  
X T I C l ( 2 )  = X T I C l ( 2 )  t 1 5 .  
I F ( I . E Q . 1 3 )  G O  T O  1 3  

D o  1 0  1 = 1113 

C U L L   L I N E C X T I C ~ I X T I C ~ , ~ ~ ~ )  

CALL L I N E ( X T I C l , X T I C 2 , 2 , 0 )  
13 C O N T I N U E  

% H U H 1  = X N U H l  + 30. 
I F C I . E Q . 1 )  CALL C H A R ( ~ ~ . ~ ~ ~ . , O ~ I H I N U S , ~ J ~ J ~ )  
CALL C H A R C X H U H ~ , ~ ~ . ~ ~ I I X N U H ~ I ) , ~ , ~ , ~ ~  

10 C O N T I N U E  
C ** D R A Y  T I C  NARKS F O R  M I N D   D I R E C T I O N   S C b L E  

X U D S ( 1 )  = 3 0 0 .  
X W D 2 ( 2 )  = 4 6 0 .  
Y W D 2 ( 1 )  = 7 0 .  
Y W D 2 ( 2 )  = 7 0 .  
Y U D l ( 1 )  = 6 8 .  
Y W D l ( 2 )  = 7 2 .  
CALL L I N E ( % U D ~ I ' ~ Y D ~ J ~ , ~ )  
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CALL C H b R € 3 1 0 . r 5 0 . 1 O ~ I Y D , 2 0 1 2 , 1 )  
C ** P R I N T  LllBELS FOR X - h X P S  

CALL CHAR< 1 0 0 . 1 7 0 .  I 0 1  I S f L ,   2 4 ;   2 1  1 
c ** D O  L O O P  T O  A D D  TIC H A R K S  TO Y - A X I S  

Y T I C  = 5 8 .  
X T I C P ( 1 )  = 9 8 .  
XTICP< 2 1 ..= 1 0 2 .  

Y T I C  = Y T I C  9 32. 
Y T I C 2 C l )  = Y T I C  
Y T I C P ( 2 )  = Y T I C  
H = ( 1 - 1 ) * 2  + 1 
CALL ' C H A R ( ~ ~ . I Y T I C ~ , ~ , I Y N U M < N > , ~ , ~ , ~ )  
CALL L I N E C X T I C ~ , Y T I C ~ J ~ , Q )  

D O  2 0  1 = 1111 

20 CONTINUE 
C ** PRINT  LABEL FOR Y - A X I S  

Y X  = 3 6 0 .  

Y X  = Y X  - 2 0 .  
0 0  30 1 = 1 1 8  

CALL C H A R ( ~ ~ ~ . J Y X I O I I A L T L ( I ) , ~ , ~ I ~ ~  
30 CONTIHUE 

C * *  T H I S  P R I H T S  SURFACE PRESSURE A N D  D E N S I T Y  VALUES 
CALL C H A R ( ~ O . , Y X - ~ O . J ~ I I I I E T , ~ > ~ ~ ~ )  

A = PRESS(1)  
CALL CODE 
Y R I T E <   I P R E S D 1 2 0 0 7 )  A 

2 0 0 7  FORIIC\T( F6.1 ) 
CALL  CHAR(133.  , 4 7 5 .  1 0 1  1PRESD161211)  
A = SIJRDEN 
CALL CODE 
VRITEC  IDENSD12007)  A 
CALL  CHAR(26O.   r475 .  J O J  I D E N S D I 6 , P J l )  

C **  P R I N T  D R Y  T E I I P E R R T U R E S  
A = TEI IP (1 )  
CALL C O D E  
U R I T E (   I S T P 1 2 0 O 7 )  A 
CkLL  CHRR(230.  1 4 5 0 .  1 0 1  I s T p 1 6 1 i l 1  1 )  

C * *  P R I H T  POTENTIAL  TEHPERATURES 
A = P T E t l P ( 1 )  - 2 7 3 . 1 5  
CALL CODE 
V R I f E <  1 S P T 1 2 0 0 7 )  A 
CALL  CHAR(23O. 1 4 4 0 .  1 0 1  I S P T , 6 > 2 1 1 )  
D O  1 3 3   J J = l , N U f l  
I F C h L T (   J J   ) . C E . 4 0 0 0 .  ) G O  T O  3 1 3 1  
WSY(JJ )  = (  A L T ( J J ) ) * . 0 8 +  90. 
D T Y ( J J )  =(  A L T < J J > ) * . O 8 +  9 0 .  
P T Y C J J )  = (  A L T ( J J ) ) * . O 8 +  Y O .  
WDYCJJ) = (  A L T ( J J ) l * . O B +  Y O .  
A U D I R (  J J  1 = I D I R C  J J  ) 
A P T E t l P ( J J )  = P T E I I P ( J J )  - 2 7 3 . 1 5  
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1 3 3  C O N T I N U E  
J J  = H U H  + 1 

3 1 3 1  I L P  = J J  - 1 
C 
C * *   C A L L   S U B R O U T I N E  TO R O T A T E   U I N D   D I R E C T I O N  FOR P L O T T I N G  
C 

C R L L   U I N D S ( A Y D I R J I L P I I S C )  
DO 1 2 3  I K z 1 ~ 9  
N = ( I K - I  )*2 + 1 

% B U D  = X Y D l ( N )  - 8 .  
YBMD = 6 0 .  

C A L L   L I n E ( X V D l i H ) , Y U D l , 2 , $ )  

I F ( I S C . E Q . 1 )  CALL C H A R ( X B U D , Y B U D , O , I U D L ~ ( N ) , ~ , ~ J ~ )  
I F ( I S C . E B . 2 )   C A L L  C H b R ( X B Y D J Y B U D , O , I Y D L 2 ~ N ~ , 4 ~ 2 J I )  
I F ( I S C . E Q . 3 )  C A L L  C H ~ R ( X B U D , Y B U D , O , I U D ~ ~ ( ~ ) , ~ , ~ J ~ )  
I F ( I S C . E Q . 4 )  C A L L  C H A R ( X B U D I Y B U D J O , I ~ ~ D L ~ ( N ) , ~ , ~ , ~ )  

123  C O H T I N U E  
D O  134 K K = l ,  I L P  
Y S X (  K #  ) = ( S P E E D (  K K )  )*6. '+ 1-60.  
D T X C K K )   = ( T E H P ( K K ) ) * 6 .  + 1 6 0 .  
P T X (  K K  ) = ( A P T E H P (  K K  ) )*6. t 1 6 0 .  
I F C T E H P C K K )   . L T . - l O . ) D T X ( K K )  = 1 0 0 .  
I F ( T E t l P C K K )  . G T .  5 0 . )  D T X ( K K )  = 4 6 0 .  

I F < A P T E P ! P I K K )   . C T .  5 0 . )  P T X ( K K )  = 4 6 0 .  
Y D X C K K )  = A B S ( A W D I R ( K K ) ) * . 4 4 4 4 4  t 3 0 0 .  

IF(APTEHP(KK) .LT.-IO. ) P T X ( . K K )  = l o o .  

134 C O N T I N U E  
C ** P R I N T   U I N D   S P E E D S  . 

A = SQEED(1 1 
CALL' CODE ' 

W R I T E (  I S M S , 2 0 0 7 )  A 
CALL C H A R ( 2 3 0 .   , 4 3 0 .  4 0 ,  1 S U s 1 6 ~ 2 ~  1 )  ' 

C **  P R I N T   M I N D   D I R E C T I O N S  
A = I D I R ( 1 )  
CALL CODE 
U R I T E (   f S W D ~ 2 0 0 7 )  A 
CALL C H A R ( ~ ~ O . J ~ ~ O . I O , I S W D I C ~ ~ , ~ )  

C * *  T H I S   P O R T I O N   D R A l d S   T H E   U I N D   S P E E D   L I N E  
C A L L   D L I H E ( Y S X , U S Y ,   I L P , 0 1 8 , 4 )  
X H T  = U S Y ( 1 L P )  + 3 .  
C A L L  C H A R ( U S X ( I L P ) , X H T , O , I C R V T o r 2 , 2 1 1 )  

C **  T H I S   P O R T I O N   D R A Y S   T H E  D R Y .  T E M P E R A T U R E   L I N E  
CALL L I N E ( D T X , D T Y , f L P , O )  
X H T  = D T Y ( 1 L P )  - 5 . 0  
CALL C H A R ( D T X ( I L P ) + ~ . ~ I X H T J O J I ~ U ~ T ( ~ ) , ~ , ~ J ~ )  

c * *  THIS P O R T I O N  D R A U S  T H E   P O T E N T I A L   T E H P E R A T U R E  L I N E  
CALL D L I N E ( P T X 1 P T Y I   I L P 1 0 ~ 4 1 4 )  
X H T  = P T Y C I L P )  t 3 .  
CALL C H A R ( P T X ( I L P ) I X H T , O I I C R V T ~ ~ ~ , ~ , ~ )  

C * *  T H I S   P O R T I O N   D R A U S  T H E  W I N D   D I R E C T I O N   L I N E  
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I 1  = 1 

I F ( P U D I R ( 1 )   . C E .  0 .  ) G O  TO 7 7 7  
NUHP = I - I 1  
CALL D L I N E ( Y D X ( ~ ~ ~ ) J Y D Y ( I ~ ) J N U H P J ~ J ~ , B >  
I 1  = I 

DO 7 7 7  I = 2 J  J L P  

7 7 7  C O N T I N U E  
N u n P  = ILP - 11 + 1 
C A L L  D L I N E ~ U D X ~ I ~ ) , U D Y ( I ~ ) , N U H P J ~ ~ ~ J ~ )  
X H T   U D Y C I L P )  - 5 . 0  
CbLL C H A R ( Y D X (   I L P ) + ~ . ~ J X H T J O J   I C R V T ( ~ ) J ~ J ~ ,  1) 

C ** T H I S   P O R T I O N   D R A Y S   T I C   H A R K S   A T   V A L I D   D A T A   P O I H T  OF Y A X I S  
DO 330 K - 1 ,   I L P  
Y D T I C ( l ) =   A L T ( K ) *  .08 + 9 0 .  
Y D T I C C Z )  = Y D T I C ( 1 )  
CALL L I N E < X D T I C , Y D T I C J ~ , . ~ )  

3 3 0  C O N T I N U E  
C 
C DRAY  THE  CLOUD 
C 

YCLOUD = A L T ( 3 1 )  * 0.08 + 9 0 . 0  
CALL C L O U D ( 2 5 0 . 0 , Y C L O U D )  

C 
C U R I T E   O U T   T H E   T O P  O F  T H E   S U R F A C E   L C l Y E R   L I N E  
C 

C 
C I F  REQUESTED,   WRITE  OUT  THE  BOTTOM OF T H E   S U R F A C E   L A Y E R   L I N E  
C 

CALL H O Y E M ( J T O P J   I L P I ~ J   I T O P I ~ ~ ~ . O J T S U R X I ~ O )  

I F ( I F L A C ( 2 )   . N E .  1 ) G O  TO 4 4 4  
CALL N O Y E # (   J B O T ,   I L P , l ,   I B O T , ~ ~ ~ . O J B S U R X J ~ )  

C 
C CQLL N C R A F  TO R E I N I T I A L I Z E   P L A S f l A S C O P E  
C 
C C A L L   C L E A R  
4 4 4   C O N T I H U E  

CALL NGRAF 
S T O P  
E N D  
S U B R O U T I N E   U I N D S (  UD J N Y D J   I S C  ) 
D I N E N S I O N   U D C ~ ) J E N D P T ( ~ ) ~ N U H U P ( ~ )  
E Q U I V A L E N C E   < J , L E I S T )  
D A T A  E H D P T / 0 . 0 J 9 0 . 0 ~ 1 8 0 . 0 ~ 2 7 0 . 0 /  
D o  2 1 = 1 ~ 4  

2 NUNUP( I) = 0 
Y D 2  = U D ( 1 )  

U D I  = U D 2  
Y D 2  = YD( I) 

D O  8 1 = 2 r N Y P  

D O  6 J = l r 4  
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, C l  = Y D l  - E N D P T ( J >  
I F ( C 1   . L T .  0 . O ) C l  = C 1  + 3 6 0 . 0  
C 2   Y D 2  - E N D P T (  J )  
I F ( C 2   . L T .   O . O ) C 2  = C2 + 3 6 0 . 0  
I F ( R B S < C l - C 2 )  .LE. 1 8 0 . 0 ) G O  TO 6 
N U l l U P ( J )  = HUHUPC J )  + 1 

6 C O N T I N U E  
8 C O H T I N U E  

I S C  = 1 
L E A S T  = NUHUPC 1) .  
D O  12 I s 2 1 4  
I F ( N U H U P (  I) .GE. LEAST)GO  TO 12 
I S C  = I 
LECIST = NUHUPC I )  

12 C O N T I N U E  
DO 17  I = l , N Y D  
Y D C I )  = YD( I ) - E N D P T (   I S C )  
I F C U D ( 1 )  . L T .  O . O ) U D ( I )  = Y D I I )  + 3 6 0 . 0  

Y D 2  = U D ( 1 )  

Y D l  = Y D 2  
U D 2  = Y D (  I )  
I F ( C I B S ( Y D l - U D 2 )   . L E .   1 8 O . Q ) G O  TO 2 2  
Y D l I )  = - Y D I I )  

2 2   C O N T I N U E  
RETURN 
END 

17 C O N T I N U E  

D O  2 2  I =P ,Nb /D  

S U B R O U T I N E   C L O U D C X P , Y P )  
C 
C C O H M O N  BLOCK 
C 

C O H t l O N  A L T C 3 1 ~ ~ A L l ~ C O N H B X ~ C O N C P K ~ D E G R f i D ~ B D I R ~ D O S P K ~ E l ~ C L D H T ~  
I D I R ( 3 1  ) j  I O P T ( 3 ) j I T I H E , I D f i Y , t l O N T H ( 2 ) ,  I Y E A R , I S T I f l j  I S D A Y ,  
I S ~ O N ~ 2 ~ ~ I S Y E A R , I V 2 ~ J T O P ~ J 8 O T ~ L ~ U N T D ~ i O ~ ~ L T I ~ E ~ L T I H ~ L D ~ Y ~  
L P I O N ( 2 ) ~ L Y E A R ~ L U ~ N U ! l ~ P I ~ P I 4 3 , P R E S S ( 3 1  ) , P T E t l P ( 3 1  ) I  

S I G H C L j R A D D E G j R A T O n C I C L D R A D , R 2 , R 3 , S A V E A ( 3 O ) , S B ~ E R ( 3 O ) , S I G A ,  
S I G X O I S I G X ~ S P E E D ~ 3 l i , S ~ R 2 P I I S U R D E ~ ~ S I G Z O , S I ~ ~ P ~ S 6 ~ T E ~ P ~ 3 l ~ ,  
T O P S U R , T U O P I , B S P D , Y P ~ R ~ i ~ ~ ~ C R T I n E C 3 l l , a I S T ~ Y € 5 , Y l , N U f l R U N ~  
Y P O S ,  I F L R G C J  ) , Z B ,  Z Z j   R E F L E C ,   I R E T R N  

LOGICAL L T I f l E  
I N T E G E R  YES 
E Q U I Y A L E H C E  ~ Q C l , Y P d R ( l ) S , ( Q C Z , ~ P A R ( 2 ) ) 1 ( Q C 3 , ~ ~ A R ~ 3 ) ) ,  

( Q T i , V P A R ( 4 ) ) , ( a T 2 , V P ~ R ( 5 ) ~ j { a T 3 , V P A R ~ 6 ) } ,  
( A A , V P A R ( 7 ) > , ( 6 B , V P A R ( 8 ) ) 1 ( C C , V P A R ( 9 ) ) ,  
C H E A T N , V P A R ( I O ) ) , ~ H E f i T H , ~ P A R ( l i ) ) , ( H E ~ T A , ~ ~ P A R ( l 2 ) ) ,  
C P H C L , V P A R ( 1 3 ) ) , ( P C O I V P B R ( 1 4 ) ) 1 ( P C 0 2 , V P B R ( l S ) ~ ,  
~ P A L 2 0 3 , V P A R ~ i 6 ) ) , ( P N ~ , ~ P ~ R ( l 7 ) ~ , ( G B n n ~ X , ~ P A R ( l 8 ) )  

2 0 0 6  FORHAT C F 4 . 1 )  
D I H E N S I O N  X (  18'1),Y(. 1 8 1 )  
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( J N ~ Y R ~ , J N D V A R ( ~ J ~ ) ) , ( J N D V R ~ ' J J N D V A R ( ~ . , ~ ) )  
D A T A  Q U E S / ~ H H O J ~ H V E I ~ H   a 2 H   J P H  0 8 2 H F  J ~ H S U I ~ H R F , ~ H A C , ~ H E   r 2 H L A s  

2 H Y E , Z H R : I  . 8 .  

D A T A   A N S I / S H U P / ,   A N S 2 / 2 H D O ,   S H U N / ,   : A N S 3 / 2 H C O ,   2 H N T r 2 H I N d   2 H U E t  
b A T A   B L A N K S / 2 6 * 2 H  / 4 : 

HEUJNO = 0 

Y L I N E ( 2 )  = Y L I N E ( 1 )  
D O  4 I - l r N L I N E  
J = 2 * 1 - 1  

Y = Y L I N E C 1 )  t 2 . 0  
CALL C H A R ( ~ ~ O . O , Y , O , L ~ B , ~ J ~ , ~  1 
Y = Y - 1 0 . 0  
CALL CODE 
U R I T E   C J N D A L T r 2 0 0 0 )   P L T f J N D )  
CALL C H A R ( ~ ~ O . Q , Y D O , J H D A L T ~ ~ J ~ J ~ )  

1 Y L I N E ( 1 )  = f i L T < J N D )  * 0 . 0 8  + 9 0 . 0  . .  
. .  . , 8. 

4 CALL L I N E C X L I N E C J ) J Y L I N E I ~ , O )  

CALL CODE " 

Y L A B E L   P T E H P ( J N D )  - 2 7 3 . 1 5  
CALL CODE 

.CALL CODE 

CALL CODE 

Y L A B E L  = 4 5 0 . 0  

U R I T E   ( J N D V R 1 1 2 0 0 0 )   T E H P C J N D )  

Y R I T E  C J N D V R 2 I 2 0 0 0 )   Y L A B E L  

Y R I T E   C J N D V U 3 r 2 0 0 0 )   S P E E # < J N D )  

Y R I T E   ( J H D Y R 4 r 2 0 0 1 )   I D I R ( J N D 1  

oa 4 I=M 
CALL C H ~ R ( X L A B E L , Y L A B E L , O , J H D V A R ( 1 , 1 ) , 6 r 2 , 1 )  

6 Y L A B E L  3 Y L A B E L  - 1 0 . 0  
RETURN 
END 
S U B R O U T I N E   R U D I S (   N b H E ,  JJ  ) 
COHHON A L T ~ ~ ~ ~ I A L ~ ~ C O N H A X ~ C O N C P K ~ D E ~ R ~ D ~ A D I R D D O S P K ~ E ~ J C L D H T ~  

I D I R ( ~ ~ ) J I O P T ( ~ ) , I T I H E J I D ~ Y J H O N T H ( ~ ~ J I Y E A R , I S T I H J I S D A Y ,  
I S H O N ~ 2 ~ ~ I S Y E A R ~ I ~ 2 ~ J T O P ~ J B O T ~ L ~ U N T D ~ l 0 ~ s L T I H E ~ L T I ~ ~ L D A Y ~  
L W O N ~ ~ ~ ~ L Y E A R ~ L U ~ N U H I P I J P I O V R ~ I P I ~ ~ ~ P R E S S ~ ~ ~  ) , P T E H P ( 3 1  ), 
S I C H C L ~ R A D D E G ~ R A T O H C ~ C L O R A ~ J R ~ ~ R ~ J S ~ V E A ~ ~ O ~ J S A ~ E R ~ ~ O ~ ~ S I G A ~  
S I G X O ~ S I G X I S P E E D ~ ~ ~ ~ I S Q R ~ P I J S U R D E N , S I C ~ O ~ S I G A P J S ~ I T E H P ~ ~ ~ ~ ~  
T O P S U R ~ T U O P I ~ A S P D ~ V P A R ~ l 8 ~ ~ C R T I n E o r b I S T ~ Y E S ~ Y l ~ N U H R U N ~  
YPOS, I F L A G ( 5  )J 28, Z Z ,  R E F L E C ,   I R E T R N  

L O G I C h L  L T I H E  
I N T E G E R  YES 
E Q U I V A L E N C E  ( Q C ~ J V P ~ R ( ~ ) ) J ( Q C ~ J V P ~ R ( ~ ) ) J ( Q C ~ J Y P ~ R ( ~ ) ) ~  

( Q T ~ , V P A R ( ~ ) ) J C Q T ~ , Y P A R ( S ) ) J ( Q T ~ I V P A R ( ~ ) ) I  
C A A J V P A R ( ~ ) ) J ( B B I Y P A R ( ~ ) ) I ( C C , V P A R ( ~ ) ) ,  
~ H E A T N , V P A R R < l O ) ) ~ < H E A T H , V P ~ R ( l l ~ > r < H E A T C I ~ Y P A R ~ l 2 ) ) ~  
( P H C L ~ V P A R < l 3 ) ) , ( P C O ~ V P A R ~ l 4 ) ) ~ ( P C O 2 ~ V P A R ~ l S ~ ~ ~  
(PAL203,YPAR(l6)),(PNO~YPAR(l7)),(GA~~~X,YPAR(l8)) 

I N T E G E R   O D C B ( l 4 4 ) , O B U F C 6 6 9 )  
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I .  

0.I .HENS  ION  NAME< 3 ) 
EQUIVALENCE C O B U F ~  1 l J  A L T (  I 1 )  
CALL O P E H ~ O D C B ~ I E R R D H ~ ~ E D O )  
I F C J J . E Q . 1 ) C A L L  Y R I T F ( D D C B J I E R R J O B U F J ~ ~ ~ )  
I F < J J . E O . O ) C A L L  R E A b F ( O D C B J I E R R J O B U F I C C 9 )  
CALL  CLOSE( O b C L  I E R R  1 
RETURH . .  

END 
EHDt 
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FTN'4, L 

C 
C * * * * * * * * * * * * I * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ~ * * * * * * * * * * * * * * *  
C 
C C O N C E N T R A T I O N  R N D  DOSRGE  PROCR&I( - -  CI PROCRRN O f  T H E  
C R E E D  S E R I E S  OF P R O C R Q t l S  

P R O C R I H  R C O H C  

C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ~ * * * * * * * * * * * * * * * * * * * * * * * * * * ~ * * * * * * * * * * * * ~ *  
C 
c 

C 
C COH#ON B L O C K  

C O H H O N  A L T ~ 3 1 ~ , A L 1 ~ C O N M A X , C O N C P K , D E G R A D , A D I R , 4 0 S P K ~ E l ~ C L ~ H T ~  
I D I R ~ 3 I ~ ~ I Q P T ~ 3 ~ ~ I T I H E ~ I ~ C I Y ~ ~ O N T H ~ 2 ~ ~ I Y E A R ~ I S T I # ~ I S D C I Y ~  
I S ~ ' ! O N ( ~ ) J   I S Y E A R J I V ~ ,   J T D P J  JBOT,LAUNTDClO),LTI#E,LTIH,LDRY, 
L # O N ( 2 ) ~ L Y E A R ~ L U ~ N U # , P I ~ P I 0 ' 4 R 2 ~ P I 4 3 ~ P R E S S ~ 3 1  ) , P T E t l P ( 3 1 ) ,  
S I G H C L , R A D D E C , R A T O n C , C L ~ R R D , R 2 , R 3 , S ~ ~ E & ( 3 ~ ) , S A ~ E R ( 3 O ) , S I G A ,  
S I G X O , S I G X I S P E E D ( ~ ~ ) ~ S ~ R ~ P I , S U R D E H I S I C Z O ~ S I G ~ P ~ S ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ J  
T O P S U R ~ T M O P I ~ A S P D , V P A R ~ i 8 ~ ~ C R T I M E ~ 3 l ~ ~ D I S T ~ Y E S ~ Y l ~ N U ~ R U N ~  
Y P O S ,   I F L R C ( 5  ) I  Z B , Z Z ,  R E F L E C ,   I R E T R H  

L O G I C R L  L T I N E  
I N T E G E R  Y E S  
E B U I V R L E N C E  ( Q C l , Y P A R ( l ) ) , C Q C 2 , V P A R ~ 2 ) ) , ( Q C 3 , ~ P A R ( 3 ) ~ ,  

( Q T ~ , Y P A R ( ~ ) ) , ~ Q T ~ I V P B R ( S ) ) , ( Q T ~ , ~ P A R ( ~ ) ~ ,  
I A A , V P B R ( 7 ) ) , ( B B , V P A R ( 8 ) ) , ( C C I V P A R o ) I  
~ H E A T H , Y P r 3 R ( l O ~ ~ , ~ H E R T # , V P A R ( 1 f ~ ~ ~ I H E A T A , Y P E I R ~ 1 2 ~ ~ ,  
C P H C L , V P R R ( 1 3 ) ) , ( P C O , ~ P A R ( l 4 ) ) , ( P C O 2 , ~ P B R ( l S ) ) ,  
( P A L 2 0 3 , V P A R ( l 6 ) ) , ( P t ~ O , ~ P A R ~ l 7 ) ~ , ~ G A ~ H ~ X , V P A R ( l 8 ) )  

C 
C O U T P U T   F O R H A T   S T A T E H E N T S  
c 

2 0 0  F O R H A T   ( " l " 1 2 X " C L O U D   C O N C E N T R A T I O N S  6 H D  D O S c l G E S " /  
" O D I S T A N C E " ~ X " C O N C E N T R ~ T I I I N " S X " D O S A G E " ~ X ~  

" T I N E   A F T E R   L f i U N C H ( S E C ) " /  
" ( P I E T E R S  )"SX"(PPM ) " 8 X " (  PPpl SEC ~ " 8 X " S T A R T " J X " F I N I S H " )  

201 F O R H A T  ( 1 X F 7 . 1 , 8 X F 7 . 3 , 8 X F 7 . 3 1 9 X F 5 . 1 > 3 X F S .  1 ) 
202 F O R t i C I T   ( / / " O * * * * P O I N T  OF M A X I M U 1 4  C O N C E N T R A T I O H * * * * " /  

6 X " R A H G E  FROM P A D ( H ) :  " F 8 .  1/  
6 X " D I R E C T   I O N (   D E G ) :   " F 5 . 1 /  
6 X " H E I G H T ( f l ) :   ' F 6 . 1 /  
6 X " H A X I I S U l l   C O H C E N T R A T I O N ( P P W ) :   " F 6 . 3 )  

" U H C E R T A I N T I E S * * * * "  > 

6 X " A Z I H U T H (  D E G  'r: " F 5 .  i /  
6 X " M A T E R I A L " S X " C U N C E N T ~ A T I U ~ ~ P P ~ ~ u l i X ~ 1 D ~ S ~ G E ~ P P ~ ~ ~ ~  

2 0 3  F O R M A T   ( / / " O ~ * * * C O N C E N T R A T I O N S  6 N D  D O S R G E S   W I T H  10  D E G R E E  I' 

2 0 4  F O R l l U T   ( " O " S X " R A N G E ( I 1 ~ :   " F 7 . 1 /  

2 0 5  F O R H A T  ( 4 1 5 , 1 2 )  . 
2 0 6   F O R M A T  ( 7 X 3 A 2 , 6 X F 8 . J n  + / -  " F 8 . 3 , 4 X F 8 . 3 "  + / -  " F 8 . 3 )  

C 
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C T Y P E   A N D   D I H E N S I O N   S T A T E H E N T S  
C 

L O G I C A L   I C R A F  
I N T E G E R   R I S O P t  3 )  
D I H E H S I O N  F A C T ( : J ) , , C H H P L ( ~ > , ~ H H P L < ~ > I H ~ T S ( : ~ , S ) , N A H E ~ ~ > ,  

N A H E F ( 3 ) r I L I N E < 3 2 ) r   I D A T A F C l O ) ~ I E R S ( 3 2 ~ ~  
DISTV(81),DOSV(81),CONCV(81) 

C 
C D A T A   S T A T E H E N T S  

D A T A   I E R S / 3 2 * 2 H  1 
D A T A  H A H E / O 3 6 5 2 2 8 , 2 H E E , l H D / ~ N A H E F / 2 H ? R ~ 2 H C 0 , 2 H N C /  

C 
D A T A  F A C T / 0 . 0 , - 0 . 1 7 4 5 3 3 , 0 . 1 7 4 5 3 3 /  
D A T A   H A T S / 2 H   , 2 H H C , 2 H L   , 2 H   , 2 H   C a 2 H O  > 

2 H   , 2 H C 0 , 2 H 2   , 2 H   A , 2 H L 2 , 2 H O J ,  
2 H   , 2 H   N , 2 H O  / 

D A T A   R I S O P / P H R I ,   2 H S O , l H P /  

C CfiLL G R A F   T O   I N I T I A L I Z E   S C O P E   ( R P P R O P R I A T E   O N L Y   V H E N   U S I N G  
C P L A S M A S C O P E )  

C A L L   C R R F C  1 ) 
C 
C 
C 

C 
C 
C 

R E A D   C O H H O N   D I S K   F I L E   Y R E E D D  

C R L L   R W D I S C  N A H E ,  Q > 

I F  T H I S   I S  A R E S E A R C H   R U N ,   D E T E R M I N E  I F  P L O T T I N G   I S   D E S I R E D  

I F ( I O P T ( 2 )  . E Q .  Q ) C O  T O  5 5  
C 

C R L L   D R E A D (   N A H E F ,  2 ,  I L  I H E )  
c a L L  L E R S C Y P O S )  
C A L L   C Y R R ( 0 .   , Y P O S , O , I L I N E , 4 2 , 3 , Q >  

C A L L  C H U R ~ 4 6 4 . , Y P O S , Q , I L I N E ( 3 Q ) , 6 , ~ ~ Q )  
C A L L  I N ~ ~ ~ J T Y P E ~ O . ~ O . ~ O ~ O J O ~ O J ~ ~ ~ ~ ~ ~ ~ ~ I X ~ I Y )  
C A L L   C H A R C O .   , Y P O S , O J I L I N E , ~ ~ , ~ , O )  
I F < I X  . L E .  2 5 S C A L L  C H A R ( ~ ~ ~ . , Y P O S I O , I E R S , ~ ~ ~ ~ ~ )  
I F < I X   . G T .   2 5 ) C A l . L  C H A R ( ~ ~ ~ . , Y P O S I O , I E R S , ~ , ~ J O )  

C A L L   C ' ! A R C 3 8 4 . , Y P O S , O ,   I L I H E ( 2 5 j 1 8 , 3 , 0 )  

Y P O S  = Y P O S  - 3 2 .  
I F < I X   . L E .   2 5 ) I G R A F  = . T R U E .  
I F C I X   . G T .   2 5 ) I G R A F  = . F A L S E .  

D O  L O O P   F O R   C O N C E N T R A T . I O N   A H D   D O S A G E   C A L C U L A T I O N S  

D I S T  - R A N G E   F R O H   S T A B I L I Z A T I O N  
D O S P K  - D O S A G E  
D O S H A X  - H A X I H U H   D O S A G E  
C O N C P K  - C O N C E N T R A T I O N  
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C 
c 

55  

C 

C 

C 

C 

C 

C 

C 

C 

C 
58  

C 

C 
C 
C 
C 

59  

COHHAX - H A X I t t U H  C O N C E H T R A T I O N  

N u n v  = o 
CONHAX = 0 . 0  
DOSMAX = 6 . 0  
A C T Y O L  = P I 4 3  * C L D R A D  * C L D R l D  * C L D R A O  
T O T V O L  = A C T V O L  
I F ( I V 2   . E Q .   1 ) A C T V O L  = P I  * ( C I L T ( J T 0 P )  + C L D R R D  - A L T ( 3 1 ) ) * * 2  * 

( 2 . 0  * C L D R A D  - h L T ( J T 0 P )  + A L T ( 3 1 1 ) / 3 . 6  
S I G H C L  = S I C H C L  * A C T Y O L i T O T V O L  

W R I T E  C 6 , 2 6 0 )  

0 0  59 1 = 0 ~ 2 0 0 0 0 ~ 2 5 0  

N U H V  = Nunv + 1 
O I S T  = I 
D I S T V ( N U H Y )  = D I S T  

C A L L   O F E X P ( J T O P a 1 0 0 0 . 0 )  

D O S P K  = S I G H C L  * E l / ( T U O P I  * R 2  * A S P D  * S Q R T ( 0 . 5 .  * R 3 ) )  
D O S V < N U H V 1  = D O S P K  
CONCPK = D O S P K  * f i S P O / ( S Q R P P I  * S I G X )  
CONCVC  NUHV) = COHCPK 

DOSPlOX = A t l A X l ( D O S P K ,   D U S N A X )  

IF(CCtHCPK . L E .   C 0 N H A X ) G O  TO 5 8  
RATOHC = D I S T  
CONMAX = CONCPK 
S C X f f A X  = S I G X  
SCYMAX = S I G Y  

I F ( A H O D C D I S T , 1 0 0 0 . 0 )   . N E .  0 . O ) G O  TO 5 9  

A R C l  = C R T I H E ( 3 1  + ( D I S T  - A L l  )/QSPD 
LRC2 = C R T I H E ( 3 1  > + ( D I S T  + AL1 ) / A S P D  
Y R I T E  ( 6 , 2 0 1  ) D IST ,   CONCPK,   DOSPK,  A R G l ,  A R C 2  

C O N T   I H U E  

I F  R E Q U E S T E D ,   P L O T   T H E   C E N T E R L I N E   D O S A G E  AND C O N C E N T R A T I O N  
V A L U E S  

A R G l  = A L O G T ( D 0 S H A X  } 
I E X P O  = R R G l  
I F ( A R G 1  . L T .  0 . O ) I E X P D   I E X P D  - 1 
I E X P b  = - I E X P D  
A R C l  = A L O G T ( C 0 N H A X  1 
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C 

C 
, c  

6 1  

C 

6 2  

C 
63 

65 

66 
C 

C 

c 

I E X P C  = A R C 1  
I F C A R G I   . L T .   0 . O ) I E X P C  = I E X P C  - 1 
I E X P C  = - I E X P C  
I F ( . N O T .   I G R A F I G O   T O  6 1  
C A L L  C P L O T ( D I S T V , D O S V , C O N C ' ~ , N U ~ ~ , I E X P D ,  I E X P C )  

A R C 1  = D E G R A D  * A Z C S  
X 2  = R A N G S R  * C O S ( A R G 1 )  
Y2 = R A H G S R  * S I N ' ( A R ' G 1 ) '  I '  

X = D I S T  t X 2  , 

Y = Y1 + Y2 I .  , ' 

! ,  

. .  ; ,  . .  
. .  . .  

. I  , A .  . ,  . ;  

R N G E  = S Q R T ~  X * x + -  y b: y )  ..: ' '  : <  

I F C D I R   . L T .   O . O ) D I R  = D I R  t 3 6 0 . 0  

. .  

D I R  = R A D D E G  * A T A N Z ( Y , X ) .  

U R I T E  ( 6 , 2 0 2 )  R N G E , D I R , Z B , C O H H A X  

I F  T H I S  IS A P R O D U C T I O N   R U N ,   S K I P   T H E   O F F   C E H T E R   C O N C E H T A T I O H  
S E C T I O N   A N D   T H E   C A L L  O F  P R O G R A H   R I S O P  - -  I F  P L O T T I N G  U A S  N O T  
R E Q U E S T E D ,  JUST S K I P   T H E   O F F   C E N T E R   C O H C E N T R Q T I O N   S E C T I O N  

I F ( 1 G R R F ) G O   T O  6 8  
I F ( I O P T C 2 )   . E Q .   0 ) G O   T O  88 
G O  T O  8 1  



C 

C 

c 
C A R E   O F F   C E N T E R   C O N C E N T R A T I O N S   D E S I R E D ?  
C 

C OFF C E N T E R  CONCENTRATIONS SECTION 

68 C A L L   L A B E L (   I E X P D ,   I E X P C  ) 

CALL D R E A D C N R H E F I ~ ,   I L I H E )  
CALL L E R S ( Y P 0 S  1 
CALL C H d R i O . , Y P O S , O , I L I N € , 3 8 , 3 1 0 )  
CALL C H A R C 3 8 4 .  J Y P O S , O I I L I N E C ~ ~ ) , ~ , ~ , . ~ ~  
C A L L  C H A R ( 4 6 4 . ~ Y P O S , 6 , I L I N E ( 3 0 1 , 6 , 3 , 0 )  
C A L L  I N ~ 1 ~ J T Y P E ~ O . ~ O . ~ O ~ O ~ 0 ~ 0 ~ 3 1 ~ 0 ~ 3 1 ~ 1 X ~ I Y ~  
CALL C H A R ( O . , Y P O S , O , I L I N E , 6 4 , 0 , 0 )  
I F C I X   . L E .   2 5 ) C A L L  C H A R ( 4 6 4 . , Y P O S , O , I E R S , 6 , 0 . , 0 )  
I F < I X  . G T .   2 5 ) C A L L  C H A R ( ~ ~ ~ . J Y P O S , O , I E R S , S , O > O )  
YPOS = YPOS - 3 2 .  
I F ( I X   . C T .  2 5 ) C O  TO 8 1  

C 
C O F F   C E N T E R   C O N C E N T R A T I O N S   A R E   D E S I R E D  
C 

C 

c 

U R I T E  ( 6,203 ) 

C A L L  ORGIN~IXSET, IYSET) 

A R C 1  = 0 .  0 
I F C A D I R   . G T .  1 8 0 . 0 ) F I R G l  = 3 6 0 . . 0  
8 E T A F  = DEGRAD * ( 1 8 0 . 0  + A R G ' I  - A D I R )  

C 
A R G l  = 0 . 0  
I F ( R Z C . 9  . G T .  180.0)ARGl = 360.0 
B E T A S  = DEGRAD * ( 1 8 0 . 0  + A R G . 1  - A Z C S )  
X P  = RANCSR * C O S ( 8 E T F I S )  
Y P  = RANGSR * S I # ( B E T A S )  

I T E R  = 0 
c 

C 

C 
C L O O P  O N  OFF C E N T E R  CONCENTRATION R E Q U E S T S  

CALL D R E A D (   N A f l E F  , 5 ,  I L I H E  ) 
C Q L L  L.ERS( YPOS ) 

YPOS = YPOS - 1 6 .  
C A L L  C H A R < O . , Y P O S ~ O , I L I N E , 6 4 , 0 , 0 )  

71 I T E R  = I T E R  + 1 
C 
C R E A D  I N  AHD U R I T E  O U T  THE  .RANGE  AND I ~ Z I I I U T H  FOR THE 
C O F F   C E N T E R   C O N C E N T R A T I O N   C : A L C U L A T I O N  - -  E N T E R I N G  R RANGE OF 0 
C T E R H I N A T E S   T H E   P R O C E D U R E  : 
C 

I F ( Y P O S . L T . 4 8 . )   Y P O S  = 4 5 8 .  . 



C 

C 

C A L L   D R E A D (   N A H E F ,  61 I L I N E )  
2 .  

' I  

C A L L   L E R S C Y P O S  ) 

N I N  = 7 

! '  

C A L L  C H A R C O . , Y P O S , O , I L I N E ~ 6 4 , 0 , 0 >  , 

C A L L   B L A N K (   I D A T A F 1 1 0 )  
C A L L  I N C O , J T Y P E ~ l l 2 . , ~ Y P O S ~ O ~ I D A T A F , N I N ~ 0 , 3 1 ~ 0 , 3 1 ~ I % , I Y )  
CAL'L C O D E  , . 

, R E A D  C I D A T A F , * )   R P  . .  ' 1 

I F C R P  . L E .  0 . O ' ) G O   T O  78  
N I N  = 7 
C A L L   B L A N K (   I D A T A F ,  1 0 )  ' 
C A L L  I N ~ O ~ J T Y P E ~ 2 7 2 . ~ Y P ~ O S ~ O ~ I D A T A F ~ N I N ~ O ~ ~ 3 i , 0 , 3 1 , I % , I Y ~  
CdLL C O D E  

Y P O S  = Y P O S  - 1 6 .  
I F ( Y P 0 S   . L T .  4 8 . O ) Y P O S " =   4 5 8 . Q  

I .  

R E A D   ( I D A T A F , * )   A Z P  1 

U R   I T E  C 6 , 2 0 4  ) R P ,   A Z P  
. .  

A R C 1  = 0 . 0  
I F C A Z P   . G T .   1 8 0 . 0 ) A R G l  = 360.0 
FIP = D E G R A D  * ( 1 8 0 . 0  + F t R G l  - A Z P )  
X S  = R P  * C O S ( A P )  
Y S  = R P  * S I N C A P )  

O N   T H E   P L O T T E R ,   U R I T E   O U T  A N  A S T E R I S K   A N D   T H E ' I T E R R T I O N  
N U H B E R   A T   T H E   L O C A T I O N   U H E R E   T H E  OFF C E N T E R   C O N C E N T R f i T I O N  
C A L C U L A T I O N   I S   D E S I R E D  

I X  = I X S E T  + 0 . 2 6 3 1  * X S  
I Y  = I Y S E T  + 0 . 3 5 4 5  * Y S  
L l R I T E  C. f2)  -1, 1, I X ,  I Y  
C A L L   S Y # B L (   1 0 0 , 1 2 5 , 1 H * )  
I X  = I X  + 7 5  
W R I T E  ( 1 2 )  -ill, I X ,  I Y  
U R I T E  < 1 2 1 2 0 5 )  1 O O , O , O > i 2 5 ,   I T E R  

C A L C U L A T E   T H E   , C O N C E N T R A T I O N S   A N D   D O S A G E S   A T   T H I S   P O I N T   P L U S  
10  D E G R E E S   U N C E R T A I N T I E S   O N   E I T H E R   S I D E  

% H A T  = X S  - . X P  
Y H A T  YS - YP 

D O  7 4  I = 1 , 3  
A R C 1  = B E T A F  - F A C T C I  ) 
Y = - X H A T  * S I N ( A R C 1  ) + Y H A T  * C O S C A R C l )  
D I S T  = X H A T  * C O S ( A R G 1 )  + YHA,T * S I H C A R G l )  

D O S  = S I C H C L  * E l  E X P C -  Y * ' Y / < 2 . 0  * R 2  * R 2 ) ) /  
( T Y O P I  * R 2  * A S P 0  * S B R T ( O . 5  * R 3 ) )  

C O N C  = POS * Q S P D / (   S Q R 2 P I   * ' S I G X )  

C A L L   D F E X P (   J T O P I  1 0 0 6 . 0 )  

A - 1 2 9  . 



, 

C 
c * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

C T H I S   S U B R O U T I N E   P L O T S   T H E   D O S R G E   A N D   C O N C E N T R A T I O N   C E N T E R L I N E  
C C U R V E S  
C 
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ~ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
C 
C 
C C O H H O N   B L O C K  
C 

C O M t l O N  A L T ~ 3 1 ) , A L l , C O N ~ A X ~ C O N C P K , D E G R B D I R D I R ~ D O S P K ~ E l ~ C L D H T ,  
I D I R ~ 3 1 ~ , I O P T ~ 3 ~ ~ I T I ~ E ~ I D R Y ~ ~ ~ ~ T H ~ 2 ~ ~ I Y E ~ R ~ I S T I N ~ I S D A Y ~  
I S M O N ( 2 ) ,   I S Y E A R , I V 2 , J T O P ,   J B O T , L A U H T D (   1 0 j , L T I t 4 E , L T I M I L D A Y ,  
L H O N ( 2 ) , L Y E A R , L U ~ N U M , P I , P I O V R 2 ~ P 1 4 3 , F R E S S ~ 3 1  ) , P i E M P i 3 1  > J  

S I C H C L , R A D D E C , R ~ T O M C , C L D R B D , R 2 , H J , S A V E d ( 3 O ) , S ~ ~ E R ( 3 ~ ) , S I G A ,  
S I C X O , S I G X , S P E E D ( 3 1  ) , S Q R ~ P I , S U R D E N I S I G Z O ~ S I G A F , S ~ , T E M P ( ~ ~  1, 
T O P S U R ~ T Y O P I ~ A S P D ~ Y P A R o , D I S T ~ Y € S ~ Y l ~ N U ~ R U N ~  
Y P O S ,  I F L A G ( 5   ) , Z B I Z Z I R E F L E C ,   I R E T R N  

L O G I C A L  L T I H E  
I N T E G E R  Y E S  
E Q U I V A L E N C E  ( Q C l , Y P A R ~ l ) ) , ( Q C Z , V P d R ( 2 > > , ( e ~ 3 , ~ P Q R ( 3 > > ,  

( Q T l , V P A R ( 4 j > , ( Q T 2 , V P A R ( 5 ) ) , ( ~ T 3 , ~ P ~ R ( 6 ) ) ,  
( A A , V P A R ( 7 ) ) , i B B , V P A R ( 8 ) ) , ( C C , ~ P ~ R ~ Y ~ ~ ,  
( H E A T N , V P d R ( l U ) ) , ~ H E ~ T ~ , V P A R ~ ~ l ) ) , ( H E A T A , V P A R ( i 2 ) ) ,  
~ P H C L ~ V P R R ~ 1 3 ~ ) , ( P C O , ~ F d R ~ 1 4 ~ ~ ~ ~ P C O 2 ~ V P A R ~ i S ~ ~ ~  
( P A L ~ ~ ~ , V P A R ( ~ ~ ) ) , ( P N O , ~ ~ F A R ~ ~ ~ ~ ) , ( G A ~ ~ ~ Q % I ~ F ~ R ( ~ ~ ) )  

C 
C D I N E N S I O N   S T A T E H E H T  
C 

C 
C C Q L C U L A T E   P L O T T I N G   F d C T O R S  
C 

F D I S T  = 9295.0/30006.0 

D I M E f J S I O N  D I S T Y (  I ) , D O S Y I  t ) , C O N C ! J ( l )  
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F D O S  = 8231 .0  * l O . O + * ( I E X P D  - 1) 
FCONC = 8 2 3 1  .b * 1 0 . 0 * * (  I E X P C  - 1 )  

C 
C P L O T   T H E -   D O S A G E .   C E N T E R L I N E   C U R V E  
c 

DO 7 I = l , N U H V  
I X  = D I S T V (  I )  * F D I S T  + 7 2 5 . 0  
I Y  = D O S V C I )  * F D O S  + 1 0 4 0 . 0  
Y R I T E  < 1 2 )  - 1 r 1 , I X a  I Y  

7 C c l L L   S Y H B L C 1 0 0 , 1 0 0 , 2 5 4 0 0 B )  
C 
C P L O T   T H E   C O N C E N T R A T I O N   C E N T E R L I N E   C U R V E  
C 

DO 1 6  I = l , N U H V  
J = 1 / I  

I X  = D I S T V < I )  * F D I S T  + 7 2 5 . 0  
I Y  = COHCV< I ) * F C O N C  + 1 0 4 0 . 0  

J = 1 - 2 * J  

16 U R I T E  ( 1 2 )  J , l , I X , I Y  
C 
C R E T U R N  T O  RCONC 
C 

C 

C 

R E T U R N  

C END OF 'CPLOT 

f N D  
S U S R O U T I N E   L c l B E L ( I E X P D S 1 E X P C )  

C 
c * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
C 
C T H I S   S U B R O U T I N E   L A B E L S   T H E   C O N C E N T R A T I O N   A N D   D O S A G E   C E N T E R L I N E  
C P L O T S  
C 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C 
c; 
C COt tMON  BLOCK 
C 

CONMON A L T ~ ~ ~ ) , R L ~ , C O N N A X , C O N C P K , D E G R ~ ~ D S A D I R I D O S P K , E ~ , C L D H T ,  
I D I R ~ ~ ~ ~ J I O P T ~ ~ ~ ~ I T I H E ~ I D A Y ~ H O N T H ~ ~ ~ , I Y E ~ R ~ I S T I H ~ I S D A Y ~  
I S ~ O N < 2 ~ , I S Y E A R ~ I V 2 , J T O P ~ J B O T I L R U H T D ~ l O ) ~ L T I H E ~ L T I ~ ~ L D A Y ~  
LHON~~),LYEAR,LU,NUH~PIOVR~,PIOVR~,PI~~,PRESS~~~ I r P T E H P C 3 1  ) >  

S I G H C L ,   R A D D E G ,   R A T O H C , C L D R A D , R 2 , R 3 ,   S R V E A < 3 0 ) r   S A V E R <  30 ) I  S I G A J  
S I G X O , S I G X , S F E E D ( 3 i  S , S Q R 2 F I , S U f i U E N , S I C Z u ~ S I G ~ F , S 8 , T E M P ( 3 1  ) J  

T O F S U R ~ T W O P I ~ A S P D ~ Y P A R O , C R T I ~ E < 3 l ~ , D I S T ~ Y E ~ ~ Y l ~ N U M R U N ~  
Y P O S I  I F L A G ( 5  ), Z B ,   Z Z ,   R E F L E C J   I R E T R N  

L O G I C A L  L T I H E  
I N T E G E R  YES 
E Q U I V A L E N C E  (QCI,VPARCI)),<QC2,YP~R(~)),(QCJ,VPAR(3)), 
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A - 1 3 4  



C 
C 
C 

C 
C 
C 

C A L C U L A T E   S I G H A  2 

S I G Z  = D I S T  * S I C A P  + S l G Z O / 1 . 2 8  
R3 = 2 . 0  * SICZ * S I C Z  

C A L C U L A T E   T H E   E X P O N E N T I A L   S u n  I N  T H E   D I F F U S I O N   E Q U A T I O N  

T U 0 1  = 2.0 
Z T  = C ) L T ( J )  
T E H P 2  = C L D H T  - 2 2  
T E M P 3  = C L D H T  - 2.0 * 2B + Z Z  
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C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
, c  

C 
C 

C 
C 
C 

C 
C 
C 

C 

E l  = E X P (  - TEHPS * T E I l P P t R 3 )  + 
E X P (  - TEHP3 * T E t l P 3 / R 3 )  

4 T E M P 1   T U O I  * ( Z T  - Z B )  
T E X P S H  = E l  
T E X P  = C T E H P l  - TEHP2 ) * * 2 / R 3  
I F C T E X P   . L E .   1 2 0 . O ) E l  = E l  + E X P (  - T E X P )  
TEXP = C T E H P l  + T E H P 2 ) * * 2 / R 3  
I F ( T E X P   . L E .   1 2 0 . Q ) E l  0 E l  + E X P (  - T E X P )  , 
T E X P  = ( T E M P 1  - T E H P 3 ) * * 2 / R 3  
I F C T E X P   . L E .  12O.O)Ei E l  + E X P (  - T E X P )  
TEXP = ( T E H P I  + T E H P 3 ) * * 2 / R 3  
I F C T E X P   . L E .   1 2 0 . 0 ) E l  = € 1  + E X P (  - T E X P )  
X f ( E 1  . E Q .  T E X P S I O G O  TO 7 
T U O I  = T U 0 1  + 2 . 0  
G O  TO 4 

7 E l  = R E F L E C  * E l  

C A L C U L A T E   S I G H A  Y 

S8 = D I S T  * S I G A P  + S I G X O  
R2 = S Q R T ( S 8  * S8 + ( 0 . 0 0 4 0 5 8 9  * F L O A T ( I D 1 R C J )  - I D I R ( 1 ) )  4 

D I S T  ) * * 2 )  

C A L C U L A T E   C L O U D   L E N G T H  

T E H P l  = S P E E D (  J )  - S P E E D ( 1  ) 
l S L 1  = 0 . 2 8  * T E H P l   * ' D I S T / f i S P D  
I F ( T E H P - 1   . C E .  0 . 0 ) G O  T O  11 
I F ( P T E H P ( J ) - P T E H P ( l )   . G T .  0 . O ) A L l  = 0 . 0  
l l L l  = f lBS,CALl) 

C R L C U L A T E   S I C H A  X 

11 S I C X ' =   S Q R T < ( A L l / 4 . 3 ) * * 2  + S I G X O  * S I G X O )  

I F  C Q N C = 1 0 0 0 . 0 ~  D O   N O T  C I L C U L I T E  CROSS U I N D  D X S T I N C E  BUT  RETURN 
TO T H E   C A L L I N G   P R O C R A H  

I F C C O N C   . E t ? .   1 0 0 0 . Q ) R E T U R N  

C A L C U L A T E  C R O S S  Y I N D   D I S T A N C E  

Y 1  = - 2 . 0  * R2 * R2 * A L O C ( 1 5 . 7 4 9 6  * CONC * S I C X  * R2 * 
Y l  = S Q R T ( l H A X I ( Y l r O . 0 ) )  

S I G Z / ( S I C H C L  * El)) 

R E T U R N   T O   T H E   C l L L I N G   P R O C R A H  

RETURN 
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C E N D  OF D F E X P  
C 

E N D  
, <, . . 

S U B R O U T I N E   O R G I N (  1x0, I Y O I  
C 

C 
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ' * * . * * * * * * * * * * * * * * * * *  

C T H I S   S U B R O U ' T I N E   G I V E S   T H E " A P P R O P R 1 A T E   C , ~ O R D I N A T E S   F O R   P L O T T I N G  
c F O R  T H E  C O M P L E X  A N D  M A P  S P L E C T E D  
C 
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ~ * * * * * * * * * * * * * * * *  
C 
C 
C CORMON  BLOCK 
C 

. .  

COMWON A L T ~ 3 l ~ ~ R L l ~ C O N M A X , C O N C P K ~ D E G R ~ D ' , ~ D I R , D O S P K , E 1 ~ C L D H T ~  
I D I R ~ 3 1 ~ , I O P T ~ 3 ~ ~ I T I M E , I D A Y , ~ O N T H ~ 2 ~ ~ I Y E A R ~ I S T I M ~ I S D A ' ~ ~  
I S H O N ~ 2 ~ ~ I S Y E R R ~ I Y 2 ~ J T O P ~ J B O T ~ L Q U N T D ~ l 0 ~ ~ L T I M E ~ L T I M ~ L D R Y ~  
L M O N ~ ~ ) ~ L Y E R R ~ L U ~ N U ~ , P I , P I ~ P I O V R ~ ~ P I ~ ~ ~ P R E S S ~ ~ ~  ) , P T E H P ( 3 1  1 ,  
S I C H C L ,   R L D D E C ,   R A T O H C   C L D R Q D ;  R2  I R3,  S A V E A (  3 0  j ,  S A V E R (  3 0  ), S I G A ,  
S I G X O , S I C X , S P E E D C 3 1  ) , S G ! R ~ P I I S U R D E N ~ S I C Z O I S I G A P , S ~ ~ T E H P ( ~ ~  ), 
T O P S U R , T Y O P I , R S P D I V P ~ R ~ ~ ~ ~ ~ C R T I ~ E ~ ~ ~ ~ ~ D I S T ~ ' ~ E S ~ ~ ~ ~ N U ~ R U N ~  
Y P O S ,  I F L A G ( 5  1, ZB, ZZ, R E , F L E C ,   I R E T R N  

L O G I C A L   L T I R E  
I N T E G E R   Y E S  
E Q U I V A L E N C E  ( ~ C l , V P R R ( l ) ) , ( : Q C ' 2 , V P A R ( 2 ) ) , ( ~ C 3 ; V P Q R ' ( 3 ) ) ,  

( Q T I , V P A R ( 4 ) ) , ( Q T Z , V P . R R ( 5 ) ) , ( Q T 3 , V P A R ( L j ) ) ,  

( H E A T N , V P A R ( 1 0 ) ) , C H E A T M , V P R R < l l ' > ~ j ( H E A T A ' , V P A R ( 1 2 ) > ,  
( A A I Y P A R ( ~ ) ) I ( B B , Y P Q R ( ~ ~ ) , ( C C I Y P A R ( S ) ) ,  

( P P C , L , V P k R ( l 3 . ) ) , ( P C O , V P A R ( 1 4 ) ) , ( P C 0 2 , V P ~ R ( i 5 ) ) ,  
( P A L 2 0 3 , V P A R ( 1 6 ) ) , ( P N O , ~ P R R ( l 7 ) ) , ( G A M ~ R X , V P R R ~ l 8 ) )  

D I H E N S I O N  I L I N E ~ 3 2 ) ~ I D A T A F ~ 1 0 ~ ~ I E R S ~ 3 2 ~ ~ I t l ~ P L ~ 4 8 ~ ~ N R M E F ~ 3 ~  
C 
C I N P U T   F O R M A T   S T R T E N E N T  
c. 

10'0 FORMAT ( 1 2 , l X A l )  
C 
C O U T P U T   F O R M A T   S T A T E M E N T  
C 
C 
C T Y P E   A N D   D I M E N S I O N   S T A T E H E N T S  
F 

L O G I C A L   N O T l S T  
D I M E N S I O N  I X ( 8 ) , I Y ( 8 )  

C 
C D A T A   S T A T E M E N T S  

D A T A   I E R S / 3 2 * 2 H  / 
D A T A   N A M E F / 2 H ? R , 2 H I S , 2 H O P /  
D A T A   I M A P L I 2 H 4 0 r   HI S I  2 H E A ,  2H H, S H A P ,   2 H  
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C 
C 
C 
C: 

1 2H40 ,   PHI   L , ,2HAN,   2HD > 2 H H A J   2 H P  8 

1 2 H 4 1 , 2 H , S ,   2 H E A 1   2 H  H ,  2 H A P J ' Z H  
1 2H41.a ~ H J  LI P H A N ,   2 H D  J 2 H H A I   2 H P  3 

1 2 H i 7 , 2 H ,  S I  O H E A ,   2 H  f l ~  Z H A P ,   2 H  , 
1 2 H 1 7 r  ~ H J  LI P H A N ,   2 H D  J ~ H ~ A J  2 H P  I 

1 2 H 3 9 ,   Z H ,  S I  2 H E A I   2 H  H,  2 H A P f   2 H '  , 
1 2 H 3 9 , 2 H ,  L J  ~ H A N J   2 H D  I 2 H M A j 2 H P  / 

D A T A   N O T l S T / . F A L S E . / ,   L C H A R / l H L /  
D A T A  I X / 5 4 5 0 ~ 5 4 1 1 ~ 4 8 3 0 1 4 8 2 ~ ~ 8 7 5 0 1 8 7 3 0 ~ 4 1 0 0 , 4 1 0 0 /  
D A T A  I Y / 2 6 3 0 , ~ 2 4 3 , 2 4 6 5 , 8 4 5 4 , 2 3 9 0 , 8 5 0 0 , 1 7 0 0 , 7 3 0 0 ~  

I S   T H I S   T H E   F I R S T   T I M E   T H R O U G H   T H I S   S U B R O U T I N E ?  - -  
I F  NOT,  I T   I S   N O T ' H E C E S S A R Y  T O  C A L C U L A T E   T H E   I N D E X  OF T H E  
C O O R D I N A T E S J  1 1  A G A I N  

I F ( N O T 1 S T ) C O   T O  7 

T H I S  IS T H E   F I R S T   T I H E   T H R O U G H  -- READ I N   T H E   C O H P L E X   N U H B E R  
CIND T H E   D E S I R E D   H A P ,  i . e , .  SEA O R  L A N D  

N O T l S T  = . T R U E .  

CALL L E R S (   Y P O S  ) 
CALL C H A R C O .   I Y ~ O S , O I I L I N E , . ~ ' ~ J ~ , ~ )  
YPOS = YPOS - 1 6 .  
I F ( Y P O S . L T . 4 8 . )   Y P O S  = 4 5 8 .  

I F ( I O P T C 3 ) . E Q . 2 )   C A L L   D R E ~ ~ D ( H ~ # E F I 9 , I L 1 N E )  

CALL L E R S C  Y P O S  

C A L L   D R E A D (   N A H E F ,  7, I L I N E  1 

I F ( I O P T ( J ) . E Q .  1) C A L L   D R E A D ( N ~ H E F , ~ J   I L ! N E )  

I F ( I O P T ( 3 ) . E Q . O )   C A L L   D R E A D ( N A H E F , l Q , I L I N E )  

CALL C H A R ( ~ ~ . ~ Y P O S ~ O I I L I N E ~ ~ ~ ~ ~ , ~ )  
C A L L  C H A R ( ~ S . J Y P O S , O J I L I N E ( ~ ) , ~ ~ ~ ~ ~ U )  
C A L L  I N ( 1 ~ J T Y P E ~ O . ~ O . ~ O ~ O I 0 , 0 , 3 I , 0 , J I , I X C ~ I Y C ~  
CALL C H A R ( O . I Y P O S I O ~ I E R S I ~ ~ I O J O )  
CALL C H A R ~ 2 0 0 . ~ Y P O S * l 6 , 0 ~ I E R S ~ 2 5 ~ 0 ~ 0 )  
I F < I X C . L T . 6 . A H D . I O P ' T ( 3 ) . E Q . l )  I = l  
IF(IXC.CT.S.AND.IXC.LT.12.AND.IOPT(3).Et?.l) 1=2  
I F ~ I X C . C T . 1 1 . A N D . I X C . L T . l 8 . A H D . I O P T ( 3 ) . E Q . l ~  113 
I F ( I X C . G T . l 7 . A N D . I O P T ( 3 ~ . E Q . l )  1 = 4  
IF(IXC.LT.6.AND.IOPT(3).EQ.2) I = 5  
I F ( I X C . C E . 6 . A N D . I O P T ( 3 ) . E Q . 2 )  1 = 6  
I F ( I X C . L T . 6 . A N D . I O P T ( 3 ) . E B . O )  I = 7  
I F ~ I X C . G E . 6 . A H D . I O P T ( J ~ . E Q . 0 )  1 = 8  
I H P  = (I - 1 ) * 6  + 1 
CALL C H A R I 2 0 8 .   , Y P O S + 1 6 . , 0 ,   I H A P L I   I M P ) ,  1210 ,O)  
YPOS = YPOS - 1 6 .  
I F t Y P O S   . L T . 4 8 . )  YPOS = 4 5 8 .  

C 
c 
C 

S E T   T H E   C O O R D I N A T E S   B A S E D  ON T H E   I N D E X  I 
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7 

C 
- c  

C 

C 
C 
C 

100 

10 

100 

10 

1x0 = 1 x 4 1 )  
I Y O  = IYCI) 

RETURN- T O  THE CALLING P R O C R . ~ ~  

RETURH 

END O F  O R C I N  

E N D  

I X = -  I Y  I DE12 
I Y = - I H I / P  

SUBR-OUT INE SYHBL(  IY IDE', IHI ISYHB ) 
. . .  , 

Y R I T E (  12 )  - 1  r - l r  1 x 1  I Y  
U R I T E ( 1 2 ~ 1 0 0 . . )   I Y I D E J O ~ O ~ I H I ~ I S Y H B  
F 0 R H f i T C 4 1 5 1 A l r 1 H ~ )  
I Y = - I Y  
Y R I T E < 1 2 ) - 1 ~ - 1 r I X ~ I Y  
RETURN 
END 
S U B R O U T I N E   D R E A D ( N A H E F J L N U H , I L I N E )  
O I H E N S I O N  N A # E F ~ ~ ) I I P C B ( ~ ~ ~ ) , I B U F ( ~ ~ ) , I L I N E ( ~ ~ ) , I P A R ( S )  
CALL RHPAR(  IPC\R) 
L U  = I P f i R ( 1 )  
C R L L   O P E N < I D C B , I E R R , N A H E F , O )  
LOOP = LHUH - 1 
D o  1 0  I = ~ J L O O P  
CALL B L A N K <   I B U F J   4 0 )  
CALL R E A D F C I D C B ,   I E R R J   I B U F )  
CONT  IN'UE 

CALL R E A D F (   I D C B J   I E R R J   I B U F )  
CALL CODE 

FOR#kT< 32C12 1 

RETURH 
END 

D I H E N S I O N   I B U F ( 4 0 )  
D A T A   I B L K / 2 H  / 

I B U F t  I > = I B L K  
RETURN 
END 
S U B R O U T I N E   L E R S t Y P O S )  
D I H E N S I O N   I E R S ( 3 2 )  
DATA I E R S / 3 2 * 2 H  / 

CALL B L A N K (   I B U F J 4 0 )  

R E A D ( I B U F , 1 0 0 )   ( I L I N E ( I ) , I = l r 3 2 )  

CALL C L O S E (   I D C B r   I E R R )  

S U B R O U T I N E  BLCI'NK( I B U F ,  I 1  ) 

DO 10  I=~JII 

I F ( Y P O S . L E . 4 8 ) .  YPOS = 4 5 8 . 0  
CISLL C H A R t O .   J Y P O S , O , I E R S , C Q , b J O )  

, -  
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CCILL C H C I R ~ O . , Y P O S - ~ ~ . J ~ , I E R S , ~ ~ , O J O ~  
R E T U R N  
E N D  
END$ 
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I -  - 

F T H 4 ,  L 

C 
C*********************************************************************** 
C 
C I S O P L E T H   P L O T T I N G   P R O G R A H  -- A P R O C R A H  I N  T H E   R E E D   S E R I E S  
C OF P R O G R A M S  
C 
c * * * * * * * * * * * * * * * * * * * * * + * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
c 
C 
C C O H H O N   B L O C K  
C 

P R O G R A H   R I S O P  

CONMON ~ L T ( ~ ~ ) ~ A L ~ J C O N ~ ~ A X ~ C O N C P K J D E G R A D ~ A ~ I R ~ D O S P K J E ~ ~ C L ~ H T ~  
I D I R ( 3 1  ), I O P T ( 3 ) J  I T I H E J I D A Y ~ M O N T H ~ ~ ~ ~ I ~ ' E A R ~ I S T I M ~ I S D A Y J  
I S ~ ~ O N ~ ~ ~ ~ I S Y E ~ R ~ I V ~ ~ J T O ~ ~ J ~ O T J L A U N T D ~ ~ O ~ , . L T I ~ E J L T I N , L D ~ Y ~ ~  
L M O N ( ~ ) J L Y E A R I L U , N U M J P ~ , P I ~ J , ~ R E S ~ ( ~ ~ ) J P T E P I P ( ~ ~ ) ,  
S I G H C L I R A D D E C , R A T O ~ C , C L D R A O , R ~ , S A V E B ( ~ ~ ) , ~ A ~ E R ~ ~ O ) J S I G A ,  
S I G X O , S I G X I S P E E D ( J I   ) , S Q R 2 P I  J S U R D E N , S I C Z ~ , S I C A P ~ S ~ J T E ~ ~ P ~ ~ ~  ), 
T O P S U R ~ T U O P I , ~ S P D , V P ~ ~ ~ ~ ~ ~ ~ J C R T I P I € ~ ~ ~ ~ , D I S ~ , ~ € S ~ Y ~ , N U ~ R U N J  
Y P O S ,  I F L A G ( 5  ), Z B , Z Z ,  R E F L E C ,   I R E T R N  

L O G I C A L  L T I H E  
I N T E C E R  Y E S  
E Q U I V A L E N C E  ~ Q C l , V P A R ~ l ) ) ~ ( Q C 2 ~ Y P B R o ) , ( Q C J , V P A R ( 3 ~ ~ ~  

C Q T ~ , V P A R ( ~ . ) ) , ( Q T ~ , V P B R ( S ) ) , ( Q T ~ J Y P A R ( ~ ) > ,  
( A A J V P A R ( ~ ) ) , ( B B , V P A R ( ~ ) ) J ( ~ ~ , ~ P A R ( S ) ) ~  
( H E R T N J V P ~ R { ~ ~ ) ) , ( H E A T H , V P A R ( ~ ~ ) ) , ~ H E A T A , Y P A R ( ~ ~ ) ) ,  
~ P H C L ~ V P A R ~ l 3 ~ ~ ~ ~ P C O I V P B R o ~ ~ ~ P C O 2 ~ V F A R ~ l 5 ~ ~ ~  
C P A L ~ ~ ~ I V P A R ( ~ ~ ) ) , ( P N O , V P A R ( ~ ~ ) ) J ( G A H ~ A X , ~ P A R ( ~ ~ ) )  

C 
C O U T P U T   F O R M A T   S T A T E H E H T S  
C 

2 0 0  F O R I I A T   ( " 1 " P O X " C L O U D   L O C A T I O N   A N D   D I t l E H S I O N S " /  
" T I H E   F R O H   C L O U D  S T A B I L I Z A T I O N " 5 X " R A N G E " 5 X " A Z I H U T H n  
8 X ' D I A R E T E R S   ( P I E T E R S ) " /  
1lX'<NINUTES)"14X"(HETERS)'4X~~DEG~"6X"CROSS U I N D "  
4 X " A L O N G   M I N D ' )  

2 0 1  F O R H A T  ( 1 2 X F 6 . 2 r l C X F 8 . 1 ~ 4 X F 5 . 1 ~ 7 X F 7 . 1 ~ 7 X F 7 . 1 )  
202 F O R P I A T  ( 4 1 5 ,  14" C ' A 2 1 2 X I 2 ,   l X A 2 , k l ~   1 x 1 4 )  
2 0 3  F O R H A T  (415,Al) 
2 0 4  f 0 R H A T  C 4 1 5 ~ F 5 . 2 ' , " )  
2 0 5  F O R H A T  C 4 1 5 " ~  ' F 5 . 2 " - " )  
2 0 6  f O R t l A T  C F 5 . 3 )  
2 0 7  F O R M A T  ( 1 1 )  
2 0 8  F O E f l f i T  ~ ~ I ~ ~ I ~ ~ ~ X R ~ J A ~ J ~ X I ~ , I X A ~ , A ~ , I X I ~ )  

c 
C 
C 

T Y P E   A N D   D I H E N S I O N   S T A T E H E N T S  

L O G I C A L   D F A L T C  
D I H E N S I O N  C O N C C l O ) r N B n E ( 3 ) r N A M E F ( J ) ,  I L f H E < 3 2 ) r I D A T A F ( l O ) r  

A - 1 4 1  



.' I E R S < ~ ~ ) J . I % A < ~ O O ) , I Y A ' <  l o o . ) ,  I % B < 1 0 0 ) ~  I Y B ( 1 0 0 )  
D Q f A  N A H E / O ~ ~ ~ ~ ~ B J ~ H E E , ~ H D / J N A H E F ~ ~ H ? R ~ ~ H I S J ~ H O P /  
O A T l  I E R S / 3 , 2 + 2 H  / 

c :. 
C C A L L  G R A F  T O . I N I T I A L I Z E   S C O P E   ( A P P R O P R I A T E   O N L Y   W H E N   U S I N G  
C P L A S H A S C O P E )  
C 

c -  
C R E A D   C O H H O N   D I S K  F I L E  
C 

C A L L   R Y D I S (   N A M E ,  0 ) 
C 
C D E T E R H I N E   T H E   O R I G I N  O N   T H E   H A P   F O R   T H I S   P L O T   A N D   H O V E   T H E  
C P E N   T H E R E  
C 

L,- C A L L  C R A F C  1 ) 

C A L L   O R G I N <   I X 0 , I Y O )  
Y R I T E  ( 1 2 )  -1 ,  l r  I X 0 , I Y O  

C 
C D E T E R H I N E   T H E   I N D E X   I N   T H E   A L T I T U D E   D A T A   A R R A Y   T H A T  H A S  
C T H A T   A L T I T U D E   J U S T   L O Y E R   T H A N   T H E   E F F E C T I V E   C L O U D   H E I G H T ,   C L D H T  
C 

D O  4 I = 2 r J T O P  
I F ( C L D H T   . G T .   A L T (  I ) ) G O  TO 4 
I C L D H T  = I - 1 
G O  T O  5 

4 C O N T I N U E  ' 
I C L D H T  = J T O P  

C 
C D R A Y   T H E   L I N E   D E P I C T I N G   C L O U D   H O V E H E N T   A L O N G   T H E   G R O U N D  
C A S  F A R   A S   T H E   C L O U D   S T A B I L I Z A T I O N   P O I N T  
C 

5 x = 0 . 0  
Y = 0 . 0  
D O  9 I z . 2 ,   I C L D H T  
I n 1  = I - 1 
R A N G E  = 0 . 5  * ( C R T I f i E ( 1 )  - C R T I f l E ( I R 1 ) )  * [ S P E E D ( I )  t S P E E D ( I H 1 ) )  
D I R  = 0 . 5  * F L O B T ( I D I R ( 1 )  t I D I R ( I t i 1 ) )  
I F ( I A B S ( I D I R ( 1 )  - I D I R ( I M 1 ) )   . G T .   1 8 0 ) D I R  = D I R  - 1 8 0 . 0  
I F l D I R   . L T .   O . 0 ) D I R  = D I R  + 3 6 0 . 0  
D I R  = D E G R A D  * ( 3 6 0 . 0  - D I R )  
X = X t R R N G E  * C O S C D I R )  
Y = Y + R A N G E  * S I N ( D I R 1  
I X  = I N T ( 0 . 2 6 3 1  * X )  t 1 x 0  
I Y  = I N T ( 0 . 3 5 4 5  * Y )  t I Y O  
I F ( I X . L T . 0   . O R .   I X . G T . 9 9 9 9  . O R .  1 Y . L T . O   . O R .   I Y . G T . 9 9 9 9 ) G O  T,O 11 

9 M R I T E  ( 1 2 )  l , l , I X , I Y  
C 
C H A K E   T H E   C A L C U L A T I O N S   N E C E S S A R Y   T O   U R I T E   O U T   T H E   C L O U D  
C L O C E I T I O N   A N D  D I H E N S   I O N S  

A -  1 4 2  



C 
11 A L T l  = 0 . 5  * ( C L D H T  + A L T (   I C L D H T  1 )  

I C L D P l  = I C L D H T  + 1 
A R C 1  = A L T C I C L D P ! )  - A L T C I C L D H T )  
l R C 2  = ( C L D H T  - A L T ( I C L D H T ) ) / A R G l  
S P C E N T  * S P E E D ( 1 C L D H T )  + < S P E E D < I C L D P l )  - S P E E D ( 1 C L D H T ) )  * A R C 2  
R l N G E   S P C E N T ' *   ( C R T I H E < I C L D P l )  - C R T I H E ( 1 C L D H T ) )  * A R C 2  
I F < I h B S < I D I R ( I C L D P l )  - I D I R ( 1 C L D H T ) )   . L T .   1 8 0 ) C O . T O  14 

I F ( I D 1 R I I C L D H f )   . L T .   l B O ) I D I R ( ' I C L D H T >  = I D I R C I C L D H T )  + 3 6 0  
I F ( I D I R < I C L D P l )   . L T .   1 8 0 ) I D I R ( I C L D H T )   I D I R ( 1 C L D H T )  + 360  .. 

14 D I R  = F L O A T ( I D 1 R C I C L D H T ) )  + ( A L T I  - A L T C I C L D H T ) )  * 
F L O P T (   I D I R (   I C L D P l )  - I D I R (   I C L D H T ) ) / A R G l  

I F C D I R   . C T .   3 6 0 . O ) D I R  = D I R  - 3 6 0 . 0  
I F ( D 1 R   . C T .   1 8 0 . 0 ) C O   T O  17 
D I R  = D I R  + 1 8 0 . 0  
G O  T O  1 8 .  

17 D I R  = D I R  - 180.0 
18 D I R  = 1 8 0 . 0  - D I R  

A R C 1  = D E G R I D  * D I R  
X = X + R A N G E  * C O S (  A R C 1  1 
Y = Y + R A N G E  * S I N C h R G l  ) 
R = S Q R T C X  * X + Y * Y )  
D E L R  = 3 0 0 . 0  * I S P D  

D A C R S  = 4 . 3 0  * S I G X O  
D A L H C  = 4 . 3 0  * S I C X O  

A R C 1  = 1 8 0 . 0  
I F C D I R  . G T .   1 8 0 . 0 ) A R C l  = 5 4 0 . 0  
A2 = k R G 1  - D I R  

A R G l  = 1 8 0 . 0  
I F C U D I R   . G T .   1 8 0 . 0 ) R R C l  = 5 4 0 . 0  
O A t  = A R G l  - A D I R  
A R C 1  = D E G R A D  * D A Z  
D E L X  = D E L R  * C O S ( I R G 1  ) 
D E L Y  = D E L R  * S I N C A R G I  ) 

C 

C 

C 

C 

C 

C 

D E L U  = A B S <  SPEED( I C L O H T )  - S P E E D (  1 ) )  

D E L T H  = I P I R < J T O P )  - IDIR( 1 )  

T I H  = 0 . 0  
R l  = 0 . 0  
x c  = x 
Y C  = Y 
T X L  = 0 . 2 8  * D E L U / A S P D  
S I G X O 2  = S I C X O  * S I G X O  
582 = S8 * S 8  
Y R   I T E  ( 6,200 ) 
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C 
DO 2 2  1 3 1 ~ 1 3  
Y R I T E  ( 6 , 2 0 1  ) T I H , R J A Z , D l C R S , D A L N C  
T I H  = T I H  + 5 . 0  
R 1  = R l  + D E L R  
X L  = R 1  * T X L  
S I C X  = S Q R T < < X L / 4 . 3 0 ) * * 2  + S I G X 0 2 )  
D A C R S  = 4 . 3 0  * S I C X  
S I G Y  = S Q R T ( S 8 2  + C O . 0 0 4 0 5 8 9  - 3 . 0  * D E L T H  * R 1 ) * * 2 )  
D A L H C  = 4 . 3 0  * S I C Y  
X C  = X C  + D E L X  
Y C  = Y C  + D E L Y  
R = SQ'RTCXC * XC + YC * Y C )  

22 A2 = 1 8 0 . 0  - R A D D E C  * A T A N 2 ( Y C , X C )  
C 
C L A B E L   T H E   C L O U D   S T A B I L I Z A T d O N   P O I N T   U I T H  A + 
C 

I X  = I N T ( 0 . 2 6 3 1  * X )  + 1 x 0  
I Y  = I N T ( 0 . 3 5 4 5  * Y )  t I Y O  
I F ( I X . L T . O  . O R .  I X . G T . 9 9 9 9  . O R .  I Y . L T . 0  . O R .  I Y . G T . 9 9 9 9 ) C O  TO 77  
I X X  = I X  
I Y Y  = I Y  
U R I T E  ( 1 2 )  1 , 1 1 1 X a I Y  
C A L L   S Y l l B L (   1 5 0 ~ 1 5 0 r l H + )  

C 
C L A B E L   T H E   P O I N T  OF I I A X I f l U H   C O N C E N T R A T I O N   W I T H  A @ 
C 

D I R  = D E C R A D  * ( 1 8 0 . 0  - A D I R )  
C D I R  = C O S ( D I R )  
S D I R  = S I N ( D I R )  
1 x 1  = I N T ( 0 . 2 6 3 1  * ( X  + RFITOBC * C D I R ) )  t 1 x 0  
I Y 1  = I N T ( 0 . 3 5 4 5  * C Y  t RATOISC * S D I R ) )  t I Y O  
U R I T E  ( 1 2 )  - 1 , 1 , I X l , I Y l  
C A L L   S Y M B L C   1 5 0 J 1 5 0 , 1 H @ )  

C 
C D R A V  T H E   L I N E  OF C L O U D   H O V E M E N T   A L O N G   T H E   G R O U N D   F R O M  
C T H E   C L O U D   S T R B I L I Z A T I O H   P O I N T  O N  

U R I T E  ( 1 2 )  - 1 , l r  I X X , I Y Y  
RfiNGE = 1 0 0 0 . 0  

27 X = X + R A N G E  * C D I R  
Y = Y + R A N G E  * S D I R  
I X  = I N T ( 0 . 2 6 3 1  * X )  + 1 x 0  
I Y  = I H T ( 0 . 3 5 4 5  * Y )  t I Y O  
I F ( I X . L T . O   . O R .  I X . C T . 9 9 9 9   . O R .   I Y . L T . 0   . O R .   I Y . G T . 9 9 9 9 ) G O  TO 29 

G O  T O  2 7  
U R I T E  ( 1 2 )  1 , 1 , I X , I Y  

29 Y R I T E  ( 1 2 )  - l , l , I X X , I Y Y  
c 
C A R E   D E F A U L T   C O H C E N T R A T I O N   V F I L U E S   G O I N G   T O   B E  U S E D  
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C FOR THE PLOTS 
C 

I F ( Y P O S . L T . 4 8 . )  Y P O S  = 458. 

CALL  LERSCYPOS) 

YPOS = YPOS - 1 6 .  
CALL  DREAD(NBHEF,  31 I L I N E )  
CALL  LERS<YPOS) 

YPOS = YPOS - 32. 

CALL DREAD( NAHEFt   21   IL IWE)  

CALL C H A R ( O . , Y P O S , O , I L I N E 1 6 4 1 0 1 0 )  . 

CALL C H A R ~ O . ~ Y P O S ~ O , I L I N E ~ 6 4 ~ 0 ~ 0 )  

C 
C YES -- SET UP T H E  DEFAULT VCiLUES 
C 

C O N C ( 1 )  = 0 . 1  * C O N H A X  
COEIC(2) = 6.5 * C O N M A X  
CONC(3) = 0.75 * C O N H A X  
CONC(4) = - 1 . 0  
CALL CODE 
WRITE ( I D A T A F ,   2 0 6 )  C O N C (  1)  
CALL  CHAR(440..  rYPOS+48.,0,  IDATAF,5,0,0) 
CALL C O D E  
MRITE ( IDATAFI   206)  C O N C (  2 )  
CALL C H A R ( 1 2 0 . ~ Y P O S + 3 2 . , 0 ~ 1 D A T A F ~ 5 ~ 0 ~ 0 ~  
CALL CODE 
URITE C I D A T A F 1 2 0 6 )  CONE( 3 )  
CALL C H A R < ~ ~ ~ . J Y P O S + ~ ~ . I O J I D A T A F , ~ , O * O )  
CALL  DREAD(NAHEF>4, I L I N E )  , 

CALL LERS( Y PUS ) 
CALL C H A R C O .  ,YPOS,O, I L I N E ,  4 6 , 3 1 0 )  
CALL  CHAR(384. J Y P O S , O I  I L I N E ( 2 5 ) r 8 , 3 1 0 )  
CALL  CHAR(464. ~ Y P O S , O ~ I L I N E ( 3 0 ) ~ 6 ~ 0 ~ 0 )  
CALL I N ( ~ ~ J T Y P E ~ O . B O . ~ O ~ O J O ~ O ~ ~ ~ ~ O ~ ~ ~ ~ I X ~ I Y )  
CALL  CHAR(0. , Y P O S I O ~ I L I N E I ~ ~ ~ O ~ O )  
I F C I X   . L E .   2 5 ) C A L L  C H A R ( ~ ~ ~ . , Y P O S I O , I E R S ~ ~ ~ O I O )  
I F <  I X  . G T .  25)CBLL C H A R (  3 8 4 .  I Y P O S ,  0 1  I E R S ,  8 1 0 , O )  
Y P O S  = YPOS - 3 2 .  
IFCYPOS .LT .  64.0)YPOS = 4 5 8 . 0  
DFBLTC = .FALSE. 
I F < I X   . L T .   2 8 ) D F A L T C  = .TRUE. 

c 
C D O  LOOP O V E R  THE 1 0  P O S S I B L E  C O N C E N T R A T I O N  V A L U E S  FOR THE PLOTS 
C 

IF(DFALTC)GO T O  3 5  

CALL L'ERS<YPOS) 

YPOS = YPOS - 3 2 .  
IFCYPOS.LE.64)   YPOS=458.  

CALL DREADC IJANEF, 5, I L I N E  1 

CflLL C H h R ~ O . ~ Y P O S ~ O ~ I L I N E 1 6 6 1 0 , 0 )  

35 D O  59 I = l t l O  
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37 
C 
C 
C 
C 

C 
4 1  

C 
4 2  

C 
43 

C 
C 
C 

44 

I F  D E F A U L T   C O H C E H T R A T I O N   V A L U E S   A R E   N O T   B E I N G   U S E D ,  
R E A D  I N  T H E   V A L U E   F O R   T H I S   P L O T  

I T E R A T E  TO F I N D   T H E   L O C h T I O H  OF T H I S   C O N C E H T R A T I O N  
ON T H E   P L O T  

D I S T  = 0 . 0  
D I N C  = 1 0 0 0 . 0  

C A L L   D F E X P (   J T O P J C O N C (  I ) )  
I F ( Y 1  .GT,. 0.O)GO TO 4 2  
D I S T  = D I S T  + D I N C  
G O  TO 4 1  

I F C D T N C   . L E .  1OO.O)GO TO 4 3  
D I S T  = D I S T  - 900 .0  
D I N C  = 100 .0  
G O  TO 4 1  

I F C D I H C   . L E .  1O.O)GO TO 4 4  
D I S T  = D I S T  - 9 0 . 0  
D I N C  = 10 .0  
G O  TO 4 1  

P L O T   O U T   T H E   C O N C E N T R A T I O N   L I N E  ON B O T H   S I D E S  

D I S T  = D I S T  - 1 0 . 0  
I X  = I N T < 0 . 2 6 3 1 * *   D I S T  * C D I R )  + I X X  
I Y  = I N T ( 0 . 3 5 4 5  * D I S T  * S D I R )  + I Y Y  
I F ( I X . L T . 0   . O R .   I X . G T . 9 9 9 9  . O R .  I Y . L T . O   . O R .   I Y . G T . 9 9 9 9 ) G O  TO 59  
NUHR = 1 



I X h (   N U H A )  = I X  
I Y A C N U M A )  = IY 
N U n B  = 1 
I X B ( N U # B )  = I X  
I Y B ( N U I 1 B )  = I Y  

D I S T  = D I S T  t 1 0 . 0  
I X  = I N T ( 0 . 2 6 3 1  * ( D I S T  * C D I R  
I Y  = I N T ( 0 . 3 5 4 5  * ( D I S T  * S D I R  
I F ( 1 X . L T . O   . O R .   I X . G T . 9 9 9 9  .OR 
NUf lA = 2 
I X A C N U f l A )  = I X  
I Y C I ( N U # A )  = I Y  

C 

- Yl * S D I R ) )  4 I X X  
+ Y 1 * C D I R ) )  t I Y Y  

1 Y . L T . O  . O R .  I Y . C T . 9 9 9 9 ) G U  TO 59 

I X  = I N T ( 0 . 2 6 3 1  * ( D I S T  * C D I R  + Y i  * S D I R ) )  t I X X  
I Y  = I N T ( 0 . 3 5 4 5  * ( D I . S T  * S D I R  - Yi * C D I R ) )  t I Y Y  
I F ( I X . L T . O ’ . O R .   I X . C T . 9 9 9 9  .OR. I Y . L T . O   . O R .   I Y . G T . 9 9 9 9 ) G O  TD 5 4  
NUMB = 2 
I X B (   N U H B )  ,= I X  
I Y B ( N U H B )  = I Y  

C 
46 D I S T  = D I S T  t 5 0 0 . 0  

CCILL  DFEXPC  JTOP,  CONC( I ) )  
I X  = I N T ( 0 . 2 6 3 1  * ( D I S T  * C D I R  - Yl * S D I R ) )  t I X X  
I Y  = I N T ( 0 . 3 5 4 5  * ( D I S T  * S D I R  t Yl * C D I R ) )  t I Y Y  
I F C I - X . L T . Q  . O R .  I X . G T . 9 9 9 9  .OR. I Y . L T . 0  . O R .  I Y . G T . 9 9 9 9 ) G O  TO 5 4  
NUHA = NUflA t 1 
IXA( N U H A )  = I X  
I Y A ( . N u n a )  = I Y  

IF(Y~’.GT: o.o ic ’0  T O  5 2  
C 

NUMB = NUN6 t 1 
I X B ( N U H E )  = I X  
‘ I Y B ( N U H B )  = IY 
G O  TO 5 4 .  

C 
52 I X  = I N T ( Q . 2 6 3 1  * ( D I S T  * C D I R  + Yl * S D I R ) )  t I X X  

I Y  = I N T ( 0 . 3 5 4 5  * ( D I S T  * S D I R  - Y 1  * C D I R ) )  + I Y Y  
I F ( I X . L T . 0   . O R .   I X . G T . 9 9 9 9   . O R .   I Y . L T . 0   . O R .   I Y . G T . 9 9 9 9 ) G O  TO 54 
HUM% = NUHB t 1 
I X B ( N U M 8 )  = 1% 
I Y B ( N U # B )  = IY 
G O  TO 4 6  

C 
5 4  W R I T E  ( 1 2 )  - 1 , 1 , 1 X A ( 1 ) 1 1 Y A ( l )  

DO 5 6  J=2,NUMA 
56 U R I T E  ( 1 2 )  l , I , I X A ( J ) , I Y C I ( J )  

IF(NUMB . EB. 1 )ea T O  5 9  
U R I T E  ( 1 2 )  - l , l , I X B ( l ) , I Y B ( l )  
DO 5 7  J = 2 , # U # B  
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57 Y R I T E  ( 1 2 )   ~ J ~ , I X B ( J ) J I Y ~ ( J )  
C 

C 
C O N  T H E   P L O T J   C R O S S   O U T   E I T H E R   T H E  UORD F O R E C R S T  OR SOUNDING 

59 C O N T I N U E  

6 1  I F < I O P T < I )   . N E .  0 )GO T O  62 
U R I T E  ( 1 2 )  -11 1,7071604 
U R I T E  ( 1 2 )   1 1 1 ~ 1 1 7 4 1 6 0 4  
e o  T O  6 4  

c 
62 M R I T E  ( 1 2 )   - 1 ~ 1 1 1 2 6 9 ~ 6 0 4  

U R I T E  ( 1 2 )   1 , 1 ~ 1 7 6 0 1 6 0 4  
C 
1: P R I N T   O U T   T H E   P R E D I C T I O N   T I P I E  O N  T H E   P L O T  
C 

64 M R I T E  ( 1 2 )  -1111 1 8 6 9 1 3 1 9  
P R I T E  ( 1 2 1 2 0 2 )   1 0 0 ~ 0 ~ 0 ~ 1 5 0 ~  I T I ~ ~ E J L A U N T D ~ ~ ) J I D A Y I ~ ~ H T H J  I Y E A R  

C 
C I F  T H E   L A U N C H   T I H E  MAS E N T E R E D ,   P R I N T   I T   O U T  ON T H E  P L O T  
L 

C 
C 
C 

67 

72 
75 

C 
C 
C 

C 
C 

Y7 

O N  THE P L O T >   P R I N T   O U T   T H E   C H A R A C T E R S  + FIND @ FOR T H E  L E G E N D  

F O R  THE L E G E N D  ON T H E   P L O T .   P R I N T   O U T   T H E   C O N C E N T R A T I O N  VFILUES 
F O R   U H I C H   C O N T O U R S   U E R E  DROWN 

U R I T E  ( 1 2 )  - l a 1 1  1 0 6 6 1   9 5 8 7  
D O  7 5   I = 1 1 1 0  
I F ( C O N C ( 1 )   . L T .  0 .0)GO T O  7 7  
I F ( 1  . N E .  1 ) G O  T O  7 2  

G O  T O  7 5  

C O N T I N U E  

M R I T E  ( 1 2 , 2 0 4 )  1 2 5 , 0 ~ 0 > 1 5 0 , C O N C (  I )  

U R I T E  ( 1 2 ~ 2 0 5 )  1 2 5 ~ 0 , 0 1 1 5 0 ~ C O H C < I )  

M R I T E   O U T   C O M H O N  DISK F I L E  

C A L L   H G R A F  TO R E T U R N   S C O P E  T O  NORflAL M O D E  O F  O P E R A T I O N  
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C ( A P P R O P R I A T E   O N L Y  WHEN U S I N G   P L A S H A S C O P E )  
C 

C 

C 

C 
C END OF R I S O P  
C 

C h L L   N C R A F  
. . , .. 

C R E T U R N  T O  T H E  M A I N  P R O G R A M  R E E D  

S T O P  
. a .  . _  

E N D  
S U B R O U T I N E   R Y D I S C N A H E ,  J J )  

, .  
, #  

COMIION A L T ( J ~  ),FILI, C O N H R X ,  C O N C P K , D E G R F ~ D , R D I R , D O S P K , E ~ , C L D H T ,  
I D I R ( 3 1  ), I O P T C J ) ,   I T I H E , I D A Y , H O N T H ( 2 ) ,   I Y E A R I I S T I M ,   I S D A Y ,  
I S I I O N ~ 2 ~ ~ I S Y E A R , I ~ 2 ~ J T O P ~ J B O T ~ L A U H T D ~ l O ~ , L T I H E ~ L T I N ~ L D A Y ~  
L H O H ( 2 ) , L Y E A R , L U , N U M , P I ~ P I O V R 2 ~ P I 4 3 ~ P R E S S ( 3 1  ) , P T E , M P ( 3 1  1, 
S I C H C L ,   R A D D E G ,   R A T O H C  8 CL,DRAD, R2  8 R3, S F I V E A (  3 0  ), S A V E R (  30 ), S I C A ,  
S I C X O , S I G X ~ S P E E D ( 3 1 ~ ~ S Q R 2 P I , S U R D E N ~ S I G Z O ~ S I G ~ P ~ S 8 , T E H P ( ~ l  
T O P S U R ~ T W O P I ~ R S P D ~ Y P A R ( 1 8 ~ ~ C R T I M E ~ 3 1 ~ ~ D I S T , . Y E S ~ Y l ~ N U H R U N ,  
YPOS, I F L A C ( 5  ) , Z B , Z Z , R E F L E C ,   I R E T R N  

LOGICAL L T I H E  
I N T E G E R   Y E S  
E Q U I V B L E N C E  ( Q C l  I V P A R ( . l )  ), C QC2, V P A R (  2 ) ) , (  Q C 3 , V P A R ( ' 3 > j l  

( Q T l , Y P A R ( 4 ) ) , ( Q T 2 , , V P A R ( S ) ) , ( ~ T 3 , V P A R ( ~ ) ) ,  
( A A , V P F l R ( 7 ) ) , ( B B , V P A R { 8 ~ ) , ( C C , V P A R ( 9 ) ) ,  
~ H E R ~ T N , V P A R ~ l O 1 ~ r ( H E A T ~ , ~ P ~ R ~ 1 l ~ ~ , ~ H E A T A , V P A R ~ i . 2 ~ > ,  
( P H C L , Y P A R ( 1 3 ) ) , ( P C O , V P ~ R ( l 4 ) ) , ( P C O 2 , ~ P R R ( l 5 ) ) ,  
( P A L 2 0 3 , V P A R ( 1 6 ) ) , ( P N O , V P A R ( l 7 ) ) , ( G A H H R X , ~ P A R ( l 8 ) >  

I N T E G E R   O D C B (   1 4 4  , O B U F <  669 ) . 
D I I S E N S I O N   H A M E < 3 )  
E Q U I V A L E N C E   ( O B U F ( l ) , A L T ( l ) )  
CALL O F ' E N ~ O D C B ~ I E R R ~ N A N E ~ O ~  
I F ( J J . E Q . 1 ) C A L L  M R I T F ( O D C B , I E R R I O ~ U F , ~ ~ ~ )  
I F ( J J . E Q . O ) C A L L  R E A D F ( O D C B , I E R R , O B U F , 6 6 9 )  
CRLL C L O S E (   O D C B ,   I E R R )  
R E T U R N  
E N D  
S U B R O U T I N E   D F E X P <   J I C O N C )  

C 
c * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
C 
C T H I S   S U B R O U T I N E   C F l L C U L A T E S   D I F F U S I O N   E X P O N E N T I A L S  
C 
C J - I N D E X  I N  T H E   A L T   A R R A Y   O F   T H E   T O P  OF T H E   L A Y E R  
C C O W C  - C O N C E N T R A T I O N  TO B E   T E S T E D  
C 
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
C 
C 
C C O H M O N  B L O C K  

A- 1 4 9  



C 
c 
C 

R3 ,=  2 . U  * S I C 2  * S I G Z  . . .  

4 
. .  

7 
C 
C 
C 

' C A L C U L i T E   T H E   ' E X P O N E N T I P L  S U M  I N  THE D I F F U S I O N   E Q U I T I O N  

T U 0 1  = 2 . 0  
Z T  = L L T C J )  
TEHP2  CLDHT - Z Z  
TEHP3 = CLDHT - 2 . 0  * ZB + ZZ 
E l  = E X P <  - TEl lP2 * T E H P 2 / R 3 )  t 

TEHP1 = T V O I  * ( Z T  - Z B )  
T E X P S H  = E l  
TEXP = ( T E H P 1  - T E H P 2 ) * * 2 / R 3  
I F t T E X P   . L E .  120.Q)El = E l  + EXP( - TEXP)  
TEXP = ( T E H P I  i T E H P 2 ) * * 2 / R 3  
I F ( T E X P   . L E .  12Q.O)El = E l  + EXPC - TEXP)  
TEXP = CTEHP 1 - f E H P 3   ) * * 2 / R 3  
I F C T E X P   . L E .   1 2 0 . 0 ) E i  =- El t EXPC - TEXP)  
TEXP = ( T E H P I  t T E H P 3 ) * * 2 / R 3  
I F ( T E X P  .LE. 1 2 0 . 0 ) E l  = E l  + EXP< - TEXP)  
I F ( E 1  .EQ. TEXPSH)CO T O  7 
T U 0 1  = TU01  t 2 . 0  
G O  TO 4 
E l  = REFLEC * E l  

. .  .. .. . .  . 

EXP( - TEHP3 * T E H P J I R J )  

. .  

CALCULATE SIGHB Y 

S8 = D I S T  ,* S I G k P  + S I d X O  

I 



I 

R 2  S Q R T ( S 8  * S8 + ( 0 . 0 0 4 0 5 8 9  * F L O I T <   I O I R C J )  - IOIR( 1))  
PI ST ) * *2 )  

. .C  

C 

. .  

., c . -  ' C A L C U L I T E   C L O U D   L E N G T H  

T E I l P l  p SPEED< J )  - S P E E D ( 1 )  
hL1 = 0 ,28  * T E H P l  * O I S T t I S P D  
I F ( T E H P 1   . C E .  0.O)CO TO 11 
I F ( P T E I l P ( J ) - P T E H P ( l )   . C T .  0 .O)hL l  0 . 0  
hL1 = h B S ( h L 1 )  

C 
C CALCULATE s I c n I  x 
C 

c :' 

j. .. ' > <  . : 

' . : i -1 SIC% S Q R T ( ( h L l / 4 . 3 ) * * 2  + S I C X O  * S I C X O )  

' ' , c  I F  C O N C = 1 0 0 0 . 0 ,  DO N O T   C A L C U L A T E   C R O S S   Y I N O   D I S T Q N C E   B U T   R E T U R N  
. c  T O  T H E   C I L L I N C   P R O C R Q H  
C 

IF(C0WC . E P .   1 0 0 0 . O ) R E T U R N  
C 
C C Q L C U L A T E   C R O S S   Y I N D   D I S T I H C E  
C 

Y l  - 2 . 0  * R 2  * R2 * hLOG(15.7496 * COHC ? S I C X  * R2 * 
. S I C Z / ( S I G H C , L  * E l  ) )  

Y 1  = S Q R T ~ A H A X l < Y l ~ O . O ) )  
C 
C RETURN  TO  THE  CALLING  PROCRAH 
C 

C 
C END O F  D F E X P  
C 

RETURN 

END 
S U B R O U T I N E  O R C I N (  I X O J  I Y O )  

C 
C * * * * * * * * ~ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ~ * * * * * * * * * *  
C 
C T H I S   S U B R O U T I H E   G I V E S   T H E   A P P R O P R I h T E   C O O R D I N R T E S  F O R  P L O T T I N G  
C FOR  THE COMPLEX RND MAP S E L E C T E D  
C 

C 
C 
C COMHON BLOCK 
C 

C * * * * * * * * * * * * * * * * * * + * + * * * * * * * * * * * * * * + * * * * * * * * * * * ~ * * * * * * * * * $ * * * * * * * k * *  

COMHON A L T ~ ~ ~ ) , R L ' ~ , C O N H F I X I C ~ N C P K J D E C R A D , R D I R J D O S P K ~ E ~ , C L D H T J  
I D I R < ~ ~ ~ J I O P T ~ ~ ~ J ~ T ~ H E ~ ~ D A ~ ~ ~ ~ ~ T H ~ ~ ~ J ~ Y E ~ R ~ ~ S T ~ H ~ ~ S D ~ Y ~  
I S ~ O N < ~ ) ~ ~ S Y E Q R J I V ~ ~ J ~ O P I J B O T I L P U N T D ( ~ ~ ) J L T I ~ ~ J L ~ ~ H ~ L ~ Q Y ~  
L H O N ( ~ ) , L Y E A R I L U J N U H , P I I P I O V R ~ ~ P I ) J I P R E S S ~ ~ ~  ) J P T E H P ( ~ ~  ), 
S I C H C L ~ R R D D E C ~ R A T O ~ C , C L D R A ~ , R ~ , R ~ ~ ~ A V ~ ~ ( ~ ~ ~ J ~ I V ~ ~ ~ ~ ~ ~ ~ ~ I C A J  



S I C X O , S I G X I S P E E D ( ~ ~  ) I S Q R ~ P I I S U R D E N I S I G Z O I S I C A P I S ~ I T E H P < ~ ~  ) I  

T O P S U R ~ T U O P I ~ C I S P D I Y P A R ~ ~ ~ ~ ~ C R T I H E ~ ~ ~ ~ I ~ I S T ~ ~ E S ~ ~ ~ , N U ~ R U N ,  
Y P O S ,   I F L A G ( 5  ) J  Z B ,  Z Z I   R E F L E C I   I R E T R N  

L O C I C C I L  L T I H E  
I N T E G E R  YES 
E Q U I V A L E N C E  { Q C ~ , V P A R < ~ I ) I ~ Q C ~ , Y P Q R ( ~ ~ ) I ( Q C ~ I ~ P A R ( ~ ) ) ~  

< B T ~ I V P A R ~ ~ ) ) I ~ Q T Z , V P A R I ~ ) ) I { Q T ~ , Y P A R ~ ~ ) ) ,  
( A A , V P B R ( ~ ) ) , ~ B B I V P A R { ~ ) ) , ( C ~ I V P A R ( ~ ) ) ,  
( H E A T N , Y P A R ( l O ) ) , ( H E A T H , V P A R ( l l ) > , ( H E A T A ~ ~ P A R ( 1 2 > > ,  
( P H C L I Y P A R ~ ~ ~ ) ~ ~ ~ P C O I V P A R ( I ~ ) ~ I ~ P C O ~ I V P A R ~ I S ~ ~ ~  
~ P A L ~ ~ ~ ~ V P A R ~ L G ~ ~ ~ ( P N O ~ ~ P A R ~ ~ ~ ~ ~ I ~ ~ A ~ H ~ X ~ Y P ~ R ~ ~ ~ ~ ~  

D I H E N S I O N  I L I N E ( 3 2 ~ ~ 1 D A T A F ( I O ) ~ I E R S ( 3 2 ) , I H A P L o r N A ~ E F ~ 3 ~  
C 
C I N P U T   F O R H U T   S T R T E H E H T  
C 

c 
C O U T P U T   F O R H A T   S T A T E H E N T  
c 
C 
C T Y P E  A N D  D I M E N S I O N   S T A T E H E N T S  
C 

100 F O R H A T  < 1 2 , 1 X A 1 )  

L O G I C A L   N O T l S T  
D I M E N S I O N   I X ( 8 ) , I Y ( 8 >  

C 
C D A T Q   S T F I T E M E N T S  
C 

D A T R   I E R S / 3 2 * 2 H  / 
D A T R   N Q # E F / ~ H ? R I   ~ H I S I   2 H O P /  
D A T A  I H A P L / 2 H 4 0 , 2 H 1  S I  2 H E f i ,   2 H  El, 2 H A P a   2 H  J 

1 2 H 4 0 , 2 H ,  L, P H A N ,   2 H D   , 2 H H A ,   2 H P  I 

1 2 H 4  1 1  2 H 1  S ,  P H E A ,   2 H  H, 2 H R P t   2 H  I 

1 2 H 4 1 , 2 H ,  L, PHAN, 2 H D  > 2 H H A ,   2 H P  > 

1 2 H 1 7 ~ 2 H I  S I  2 H E A ,  2 H  ll, 2 H A P )   2 H  
1 2 H l 7 r   2 H ,  La 2 H f i N J   2 H D   P H H A ,   2 H P  I 

1 2 H 3 9 ~ 2 H a  S I  2 H E f i a   2 H  tl, 2 H F I P I   2 H  > 

1 Z H 3 9 1   2 H 1  La 2 H A N J   2 H D   S H M A ,   2 H P  / 
D A T A   H O T l S T / . F A L S E . / t   L C H A R l 1 H L t '  
D U T A  I X / 5 4 5 0 ~ 5 4 1 1 ~ 4 8 3 0 ~ 4 8 2 5 1 8 7 5 ~ ~ 8 7 3 0 ~ 4 1 0 b ~ 4 1 0 O /  
D A T B  I Y / 2 6 3 0 ~ 8 2 4 3 ~ 2 4 6 5 ~ 8 0 5 0 , 2 4 9 0 1 8 6 0 0 , 1 7 0 0 ~ ~ ~ 0 0 1 7 3 0 0 /  

C .  
C IS T H I S   T H E   F I R S T   T I R E   T H R O U G H   T H I S   S U B R O U T I N E ?  - -  
C I F  N O T 1  I T   I S  N O T   N E C E S S A R Y  T O  C A L C U L Q T E   T H E   I N D E X  OF THE 
c C O O R D I N A T E S ,  I I A G f i  I N  
C 

I F ( N O T 1 S T ) G O  T O  7 
c 
C T H I S  IS T H E   F I R S T   T I N E   T H R O U G H  --  READ I N   T H E   C O H P L E X  N U M B E R  
C A N D   T H E   D E S I R E D ' H A P ,  i . e .  S E A  O R  L A N D  
c 

A -  1 5 2  



C 
C 
C 

7 

C 
C 
r, 

C 
C 
C 

1 0 0  

NOTlST = . T R U E .  

CALL L E R S ( Y P 0 S  ) 

YPOS = YPOS - 1 6 .  
I F ( Y P O S . L T . 4 8 .  ) YPOS = 4 5 8 .  

I F ~ I O F T ( 3 ~ . E Q . 2 )  CALL D R E A D C N A H E F J S J I L I N E )  

CALL LERSCYPOS 1 

CfiLL D ~ E A D ( H A ~ E F J ~ J   I L I H E )  

CALL C H A R ( O . J Y P O S J O J I L I N E ~ ~ ~ , ~ , ~ )  

I F ( I O P T ( J ) . . E Q . l )  CALL D R E f i D ( N A H E F J 8 a I L I N E )  

f F ( I O P T ( J ) . E Q . O )  CALL DREAD.(NAHEFa 1 0 1  I L I N E )  

CALrL C H A R ( ~ ~ . J Y P O S ~ O J I L I N E ( ~ ) J ~ J ~ J O )  
CALL C H A R ( ~ ~ . J Y P O S J O J I L I N E ~ , ~ ~ , O I O )  
CALL ~ N ~ l J J T Y P E J 0 . ~ Q . ~ O J 0 , 0 , 0 , 3 1 , 0 , J 1 , 1 X C ~ I Y C ~  
CALL C H A R ( O . J Y P O S J O J I E R S J ~ ~ J O J ~ ~  
CALL C H A R C ~ ~ ~ . J Y P O S + ~ ~ J O J I E R S , ~ ~ , ~ , ~ )  
I F ( I X C . L T . 6 . A N D . I O P T ( 3 ) . E Q . 1 )  1=1 
I F ( I X C . G T . S . A N D . I X C . L T . l 2 . A N D . I O P T ~ 3 ~ . E Q . l )  1 = 2  
I F (  I X C .  G T  . l l  . A N D .  1 X C . L T .  1 8 .  A N D .   I O P T (  3 ) . E l l .  1 )  1 = 3  
I F ( I X C . G T . l ? . A N D . I O P T ( 3 I . E Q . l )  1 = 4  
I F ( I X C . L T . C . A N D . I O P T ( 3 > . E Q . 2 )  I = 5  
I F ( I X C . C E . 6 . A N D . I O P T ( 3 ) . E Q . Z )  I = 6  
I F ( I X C . L T . 6 . A N D . I O P T ( 3 ) . E Q . O )  I = 7  
I F ( I X C . G E . 6 . A N D . I O P T ( 3 ) . E Q . O )  I = 8  
I M P  = ( 1  - 1 ) * 6  + 1 

Y P O S  = YPOS - 1 6 .  
CALL C H A R ~ ~ O ~ . J Y P O S + ~ ~ . J O ~ I ~ A P L ~ I ~ P ~ , ~ ~ , O ~ ~ ~  

I F ( Y P 0 S   . L T . 4 8 . )  YPOS = 4 5 8 .  

S E T  THE  COORDINQTES  BASED O M  THE  INDEX I 

RETURN T O  THE CALLING P R O C R A f l  

RETURN 

END OF O R G I H  

END 

I X = - I U I D E / 2  
I Y = - I H I / 2  

S U B R O U T I N E  S Y M E L (  I U I D E J I H I J   I S Y M E )  

W R I T E (  1 2 )  - 1 J - l J  I X J  I Y  
W R I T E ( 1 2 , I O Q )   I W I D E J O J O J I H I , I S Y M B  
F O R t l A T ( 4 1 5 , A l J l H _ )  
IY=-IY 
W R I T E ( ~ Z ) - ~ J - ~ J I X I I Y  
RETURN 
END 
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SUBROUTINE OREADO.NlHEF,LNUH, IL INE)  
. D I H E N S I O N  W ~ ~ E F < ~ ) J I D C ~ ( ~ ~ ~ ) J I ~ ~ ~ < ~ ~ ) , I ~ ~ N E ( ~ ~ ~ , I P ~ R ( S )  
C A L L   R H P A R <   I P R R )  
L O  = I P A R C l )  

LOOP = LNUH - 1 
CElLL OPEN( I O C B ,   I E R R , W h H E F J  0 )  

DO 1 0  ISlrLOOP 
CALL  BLANK( I B U F I  4 0 )  
CALL R E I D F ~  IDCB,  IERR, IBUF). 

16 C O N T I N U E  
CALL BLANK< IBUF,  4 0 )  
C h L L  R E A D F (  I D C B ,   I E R R ,  I B U F )  
CALL CODE 
R E A D < I B U F I l O O )  ( I L I H E < I ) , I ~ l , 3 2 )  

1 0 6  F O R H f i T <  32A2 1 
CALL CLOSE( I D C B J E R R )  
R E T U R H  
E N D  
S U B R O U T I N E  BLEINK( I B U F ,  I 1  
D I M E N S I O N  I B U F ( 4 0 )  
D A T A  I B L K / 2 H .  / 
D O  10 I = i , S I  

10 I E U F ( I )  = I B L K  
R E T U R N  
E N D  
S U B R O U T  I N E  LERS(  Y P O S  1 
D I M E N S I O N  I E R S c 3 2 )  
D A T A  I E R S / 3 2 * 2 H  i 
I F I Y P O S . L E . 4 8 )  Y P O S  = 4 S 8 . 0  
C R L L  C H ~ R C O . I Y P O S I O I X E R S I ~ ~ ~ ~ , ~ )  
CALL C H A R C Q .  I Y P O S - I C .  1 0 1  I E R S , 6 4 1 0 1 0 )  
R E T U R N  
E N D  
E N D S  
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11 C O N T I N U E  

6000 F O R n A T C / / , I H O J " I N V A L l D   D A T A " )  
G O  T O  4 

12 I F C D S (  I ) .  GE .C3 1 G O  T O  1 0 0  
G O  TO 2 

2 U R I T E ( 6 , i O Q Q )  
1000 F O R H A T ( / / , I H O ,   " N O   S U R F A C E  B A S E D  I N V E R S I O N " )  

W R I T E ( 6 r 6 0 0 0 )  

I F L G I  = 1 
G O  TO 4 

G I  = Z C I )  
G O  T O  4 

100  U R I T E ( 6 , 2 0 0 0 )  Z( 1 )  

2 0 0 0  F O R H A T < / / , l H   , " T O P  OF S U R F R C E   E A S E D   I N V E R S I O N  = " , F 7 . 2 )  
C * *  S P E C I F I C A T I O H   O F   T H E   B A S E   O F   T H E   F I R S T   S T A B L E   L A Y E R  
4 D O  1 0  I = 2 , 1 9  

10 C O N T I N U E  
6 bJR I T E (  6 J 3000 ) 

I F < G T V ( I ) . G E . C l !  G O  T O  6 0  

XFCGS = i 
G A L L   C L O S E (   I D C B ,  I E R R )  
G O  T O  9 0 0 0  

3000 F O R M A T (  / / I  1H01 " N O  S T A B L E   L G Y E R S "  
2 0 0  U R I T E ( 6 , 4 0 0 0 1  Z( I )  

B8 = Z ( I )  
G O  T O  3 0  

4 6 6 0  F O R M A T ( / / , I H O J " B A S E  OF F I R S T   S T A B L E   L A Y E R  = " / F i ' . 2 )  
60 J = I t l  

, D O  6 1  I = J,13 
I F < G T V ( . . €  j . G E  ; C 4 .  A N D  . D S (  I ) .  C E . - C 3  > G O  T O  2 0 0  

G O  T O  6 
61 C U N T  I N U E  

C :** S P E C I F I C A T I O N  OF T H E  T O P  O F   T H E   F I R S T   S T A B L E   L A Y E R  
3 0  J = I t l  

D O  216 I = J , 1 9  
I F ( G T V ( I ) . L E . C 2 )  G O  T O  3 0 0  

G O  T O  4 0 0  

T S  = Z ( I >  

210 C O H T I N U E  

3 9 0  W R I T E ( 6 , 5 0 0 0 )  Z( 1 )  

5000 F O R H A T < / / ~ l H O ~ " T O P   O F   F I R S T   S T A B L E   L A Y E R  = " , F 7 . 2 )  
C A L L   C L O S E (   I D C B J   I E R R )  
G O  T O  9 0 0 0  

4 0 0  U R I T E ( 6 , C O O l ~  
6 0 0 1  F O R M A T C / / , l H Q , " T O P  OF S T A B L E   L c l Y E R   A T   A L T I T U D E   E X C E E D I N G   T H E "  

1 1 X " M A X I M U N  A L T I T U D E  OF A V A I L A B L E   D G T A " )  
C A L L   C L O S E (   I D C B ,   I E R R )  
I F L T S  = 1 

C ***  U R I T E  O U T   D A T E - T I H E   F O R   G I , B S , T S  . 
'3000 C O N T I N I J E  
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Program JWSPL 

L i 5 9  



FTN4 

4 9 5 

21  4 

P R O C R A H   J U S P L  
C O I I H O H  I D A T E ~ 8 ~ r 1 T I ~ E ~ 3 ~ ~ I D C B ~ 1 4 4 ~ ~ I B U F 1 4 0 ) 1 L U I I D S I I Y C 8 ~ ~ I S A Y F  

1 I NEUD 
G I H E N S T O E I  I f l X 1 ( 1 1 ) 1  X Y l ( 3 1 ,  X Y ~ ( J ) I I Y T I T ( ~ ~ ) ~ I S D ~ T { ~ )  
D I H E N S I O N  U S i ( S O O ) ~ Y S 2 . < 8 0 0 )  ; 
D I N E N S I O N  I Y L ~ B ~ ~ ~ ~ I X L A B ~ ~ ~ ~ I I X L A B ~ ( ~ ~ I N T I ~ E ( ~ ~  
D I N E N S I O N  I X L A B 2 ( 3 ) ~ 0 K , P L T ( 3 ) ~ . I X D f i T E ( 9 ) ~ I X T I T i 2 1 )  
D I f 4 E N S I O N   I L E G 1 ( 7 > ,   I L E G 2 ( 1 4 ) , I L E C 3 ( 1 4 )  
D I M E N S I O N   H U # F B ( P > , I P R R ( S ) ,   N A t i E ( 3 ) 1 N A t l E i ( 3 ) ,   N A t t E 2 ( 3 ) ,  H A M E 3 ( 3 )  
D A T A   I L E G 1 / 1 2 > 2 H N A , 2 H S A , 2 H   - * 2 H   f l d 2 H s F 1 2 H C  / . 
D A T A  X Y 1 / 0 . , - . 3 , - . 6 i  . 
D A T k  X Y 2 / 0 .  I .  3 1  .6/ 
O h T U   X L E G 2 / 2 G ,   P H S P ,   2 H A C J   2 H E   , 2 H S € ,   2 H I E ,   2 H H C a   2 H E S ,  

- .  

1 2 H  L , 2 H A B t 2 H O R , 2 H U T ~ 2 H O R , 2 H Y  / 
D U T U  I A X l / 2 > 2 H  2 1 2 H  4 J 2 H   6 , 2 H  8 ~ 2 H l 0 1 2 H 1 2 1 2 H 1 4 , 2 H 1 6 1 2 H 1 8 , 2 H 2 6 /  
D A T k   I L E G 3 1 2 6 ,   ? H A E ,   2 H R O J   2 H ' S P j   2 H A C J   2 H E  a 2 H E H , P H Y I ,   2 H R O 4  

1 2 H N N . n 2 H E N > 2 H T   , 2 H D I , 2 H V . /  
DATC: I Y L R E ! 1 4 , 2 H A L , 2 H T I , 2 H T U , 2 H D E , 2 H  0 2 H K t I , 2 H )  t' 
D A T A   N T   I t J E / 5 /  
D A T A  I: X L A B i 2 1 ,  PHSC,  " L A ! - ,  2 H A R ;   2 H  W ,  S H I N ,   2 H D  I SHSP,  Z H E E I  2HO , 

1 c"H( #I  2 H S  / . .  
D A T A   I ! < L A B P / 2 , 2 H - 1 /  
D A T A  I X L A B J i 1 1  2 H )  t 
CiATA I X T L T i 4 6 , 2 H   , Z H P O , S H I N , 2 H T   , 2 H t l U J 2 H C U , 2 H   J , 2 H I t l , 2 H S P I  

D A T &   I Y T I T / 4 0 , 2 H C A , ? H P E , 2 H  # , ? H E I . I 1 2 . H . N E , 2 H D Y - , 2 H  J 1 2 H I P t , 2 H S P ,  

D G T G   T X D Q T E /  1 6 1  

I 2 H H E , 2 H R E , 2 H  M ~ 2 H I N , 2 H D , .  > ~ H P R ! ~ H O F J ~ H I L > ~ H E  , 2 H D A , P H T A /  

1 2 H H E , 2 H R E , 2 H   M , 2 H I N , 2 H P ;   ~ ~ H P R , ~ H O F , ~ H I L I ~ H E  , 2 H D A > 2 H T A /  

D A T A  N A t l E 1 / Z H & J ,   2 H K S ,   2 H C l I  . . 

D d ? O  N f i M E 2 / 2 H Q J . a  2 H K S J  2 H C 2 . i  
O A T C i  NAME3!2HkJ ,  Z H P T ,   2 H M  / 

L U  = 7 

C A L L  O F E N ( I D C C , I E R R , N A M E , 0 )  

I N I T I A L I Z E   L U   D E V I C E  

O P E H   D A T E  A N G  T I N E   F I L E  

I H I T I A L l Z E   P L O T T E R  
C A L L  FLTLUC 1 2 )  
NEWG = 0 
I F 1  = 8 
I N A I I E  = 0 
I : :Sf i \ rF = e? 
I R D Y  = i! 

C A L L  C L E E R  
U R I T E C  LU, 4 0 5 )  
F O R M A T (   / / " * * + * N A S A / M S F C   J I I I S P H E R E   U I N D   P R O F I L E   P L O T T I N G "  

I .  

l l X " P R O G R A I I * * * * " )  
U R I T E l  L U ,  2 2 4 )  
FORMAT(.  / " J  i m s p h e r e  Idi n d  P r o t ' i  l e  D a t a  D e s i  r e d ? " S X " U I N D  S P E E D "  

1 1 0 X " U I N D  D I R E C T I O H " )  



i. 'i. 

. .  

CEILL TOUCHf.0,31,0,31, 1 x 4  I Y )  
I X  = 1 x 1 2  
I Y  = IY12 
I F ( I X . L T . 1 0 )  G O  T O  2 1 5  
URITE(  LU, 2 1 6  ) 

2 1 6   F O R H A T ( 1 " U s e   P r o g r a n   J U D P L   F o r   U i n d   D i r e c t i o n   P l o t s " )  
Y R  ITE(   LU I   21  7 ) 

2 1 7  FORHATC/rn * * * *  JYSPL * * *  TERMIMATED * * * C y )  
STOP 

>, : " P i 5  ' COHTINUE 
WRITE( LU, 102 > 

1 0 2   F O R H A T < / , " J i n s p h e r e  Y i n d  P r o f i l e   D a t a   D e s i r e d ? . S X " C A P E  KENNEDY" 
11OX'POINT H U G U " )  

CALL  TOUCH(0,31,0,31, I X ,  I Y )  
IX = 1x12  
I Y  = I Y 1 2  

I C K  = 1 

* .  . 

d I F ( I X . C T .  1 0 )  G O  T O  7 1  
r 

URITEC  LU, 1 0 3 )  
1 0 3   F O R M A T < ~ I ~ X ~   ' C a p e   K e n n e d y   D a t a   D e s i r e d ? " l O X " 1 9 6 4 - 1 9 6 6 "  

1 0 4   F O R M A T C / , l O X g P o i n t  H u g u  D a t a   F o r :  1 ' 9 6 5 - 1 9 7 0 " )  
' 1 9 % ' 1 9 6 7 - 1 9 7 0 ' )  

CALL TOUCH(0,3180,311 IxI I Y )  
. I X  = 1 x 1 2  
I Y  = I Y / 2  
I F C I X . L E . 9 )   U R I T E ( L U I I O S )  
' I F C I X . L E . 9 )  IHRME = ' 1  

I F ( I X . C T . 9 )  INANE = 2 
I F ( I N I # E , E Q . 2 >  G O  T O  1 7 2  

H A t I E ( K )  = N A H E l ( K )  

G O  i 0  173 

, .  

. .  
I FC  I X .  G T .  9) YRITE(LU,   106 

D O  1 4 1   K = l , 3  

141  CONTINUE 

1 7 2  CONTIHUE 
D O  1 4 2  K 183 
N A H E ( K )  = N A M E 2 ( K )  

I 4 2  CONT IHUE 
1 7 3  CONTINUE 
105 FORH.AT(  / a  1 0 X " C u p e   K e n n e d y   D o t o   F o r  : 1 9 6 4 - 1 9 6 6 '  > 
106 F O R H A T ( / r l O X ' C a p e   K e n n e ' d y   D a t a   F o r :   1 9 6 7 - 1 9 7 0 ' )  

G O  T O  7 2  
71  CONTINUE 

D O  1 7 1  J z 1 ~ 3  
NflHE<J > = HRHE3( J )  

17 i CONTIHUE 
YRIT'E(  LUJ 1 0 4  > 

72  CONTINUE 
C URITE( LUI 1 0 8  ) 
C 1 0 8   F O R H A T ( / / , ' J i n s p h e r @  Y i n d  S p e e d   D a t a   B e i n g   P r o c e s s e d " )  

R -  16 1 



URITE( LU, 400) 
4 0 0  FORMAT(/ / r "TURN ON P L O T T E R  . . . .  P O S I T I O N  P A P E R  . . . .  T O U C H  PRNEL Y H E N "  ;. 

11X"READY" ) 

X X 1  = 5 6 .  
x x 1  = 3 4 .  
X X I  = 3 0 .  
CALL  TOUCH(0,31,0131, I X ,  IY) 
I X  = I X i 2  
IY = I Y / 2  
I F (   I X .  G T .  1 5 )  G O  T O  2 3 4  

C T H I S  IS WHERE T H E  D I S C  F I L E  IS OPENED 
CkLL  OPEN(IDCBIIERR,NAME,OS 
CALL CLEER 

234 C O N T I H U E  

W R I T E (  LUI 9 0 7  
9 0 7  FORMAT(/"****PLOTTINC HFlS B E E N  I N I T I A L I Z E D * * * * " )  
9 4 1  C O N T I N U E  
6 9  I F L A C  = 0 

CALL  LLEFT 
CALL  SFACT( 1 5 .  J 1 0 .  ) 
CALL  PLOT( 1 .  1 1 . 5  > -3 ) 

C * *  W R I T E  H R S A  LEGEND 
CALL  PLOTCO. 8 0 .  J 3 )  
CRLL P L O T ( - .  5 ,  - .  958 3 )  
CALL S Y M B ( - . ~ I - . ~ ~ , . ~ J I L E G ~ , O . ~ ~ ~  
CALL P L O T (  - .SI -1 . I  3 )  
CALL S Y I I B ( - . S r - 1 . 1 >   . 0 8 ~ I L E C 2 r O . J l )  
CULL P L O T ( - . S r - l  . 2 5 , 3 )  
CRLL S Y M B ( - .  SI - 1 . 2 5  I .  081   ILEG3 8 0 .  1 ) '  

C * *  T H I S  P O R T I - O N  D R A M S  Y - A X I S  
CFlLL P L O T ( 0 .  8 0 .  I 3 ) 
CALL  PLOT(0. ~ 0 .  I 2 )  
CALL  PLOT( 0 . 1 5 . 8  2 ) 
D O  3 0   I = 1 , 1 0  
a = 1 1 2 .  
CALL  PLOTCO. , 1 1 3 )  
CALL  PLOT(. O S ,  AI 2 )  
8 = I t 2  
C A L L   N U t i B ( - . 3 r A ,   . 1 , 8 , 0 . ~ - 1 )  

30 CONTINUE 

C * *  T H I S  P O R T I O N  URITES H E A D E R S  AND LEGEND 
C A L L  s Y n e ( - . 4 5 , 1 . ~ , . 1 0 , 1 Y L a ~ , 9 0 . ~ 1 )  

CALL S Y H B ( 3 . 5 ,  - 1 . 1 ~ . 1 0 J I X L ~ B ~ O . ~ l ~  
CALL SYH8(5.6,-1.0, . l r I X L A B 2 ~ 0 . ~ 1 )  
C A L L  S Y l l B ( S . 8 , - 1 . i J  . ~ O , I X L A B ~ ~ O . , I )  
I F ( I N A N E . E Q . 0 )  CRLL S Y l l B ( 2 . 3 J 6 . 0 , .   1 2 ,  I X T I T 1 . O . I  1 )  
IF(INANE.GT.O) C R L L  S Y ~ B ( ~ . ~ ~ ~ . O , . ~ ~ , I Y T I T , O . , ~ )  

C * *  T H I S  P O R T I O H  READS  THE F IRST U S 1  DCITA A R R R Y  
IF( I F l  . E Q  . O  ) CALL  RUS2( U S 1  I F L R C  ) 
IF(,NEUD . E Q .  1 > GO TO 9 4 1  

., . .  

. .> 
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I F 1  = 1 
IFCISAVF.NE.1) G O  T O  129 

I D A T E (  J ) = IDSAY( J )  

IF(ISAVF.EQ.1) I S A V F  = 6 

I F L f i G  = 0 

K P  = KL + 1 
I X D A T E C  KP 1 = I D A T E (  KL ) 

D O  128 J = 1 , 8  

128 C O N T I N U E  

129 C O N T I N U E  

D O  571 KL=l,O 

571 C O N T I N U E  
C A L L  SYMBC4.  ,5.701.12, I X D A T E J O .  1 1 )  
x = 0 .  
X Y l l  = X Y 1 ( 1 >  
X Y 2 2  = X Y 2 (  1 ) 
S Y F L C  = 1 

C **: T H I S  P O R T I O N  D R A Y S  T H E  X AXIS ****+*#I**  
3 5  C A L L   P L O T ( O . s O . J 3 )  

C A L L   P L O T C  X ,  X Y  1 1 ,  - 3  
x x = o .  
D O  456 I=1,799 
I F C W S l ~ I ) . C E . l O O . ~  G O  T O  456 
x x  = APiAXlCXX,MS1(I)) 

1% = X X / l O  + 2 
IF(IX.CT.6) I X  = 6 
X I  = . 5  + ( I X  - 2 ) *  . 5  
C A L L   P L O T i X I , O . J 2 )  
D O  3s I = l , I X  

D = (I-1)*10. 
C h L L  P L O T (  A ,  0 .  > 3 > 
C Q L L  P L O T ( A ,  . 0 5 , 2 )  

456 C O N T I N U E  

A = cr-1112. 

e = A - . o s  
CALL NUnB(B,-.lS,.l,D,0.,-1) 

B = O .  
J C  = 0 
C A L L   P L O T C O . > X Y 2 2 , - 3 )  
IF(WSlCl).GE.100, 1 G O  TO, 642 
A - V S  1( 1 ) / 2 O .  

CALL P L O T ( A , B 1 3 )  

35 C O H T  I N U E  

e =  B + . 0 0 6 2 s  

642 C O H T I H U E  
D O  36 I=2,799 
e = E + . 0 0 6 2 s  
IFCUSl<I).CE.lQO. > G O  TO 6 4 3  
A = W S l i 1 ) / 2 0 .  
J C  = J C  + 1 
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96 

70  

30  0 

80 

1F.CJC.EQ.i)  CALL  PLOT(A,B,3) 

C C =  8 

CONTIHUE 
C I - ' . 2 5  
0 = cc.+ . 0 5  
HT ItlEC 2 ). = I T I  HE( 1 ) 
H T I H E ( 3 )  = I T I H E ( 2 )  
H T I H E c 4 )  = I T I H E ( 3 )  

CfiLL PL.OTC(Ir B I  2 )  
. .  

CONTIHUE 

CALL S Y H B ( C , D , . O ~ J H T I H E ~ O . J ~ )  
CALL RUSZCUSP, I F L A C )  
I F ( H E U D . E Q . 1 )  GO TO 9 4 1  
I F ( I F L A C . E Q . 0 )  G O  T O  7 0  
D O  9 6   1 - l i . 7 9 9  
U S l ( 1 )  = Y S 2 ( 1 )  
CONTINUE 
G O  T O  6 9  
x = 0 .  
D O  3 0 0   I = 1 ~ 7 9 9  
I F { U S l C I ) . C E . l 0 0 . O R . U S 2 ( I ) . G E . l ~ ~ . )  D I F F  = o  
I F ~ M S i ~ I ~ . C E . 1 0 0 . O R . U S 2 o . G E . l ~ ~ . ~  G O  T O  300  
D I F F  = USl( I )  - U S 2 (  I) 
X = AHAXL(XJD1FF) 
C O N T I N U E  
x = i X I 2 0 . )  
I F ( X . L E . . S )  X = 0 . 5  
I F C X . G T . . 5 . A N D . X . L E . l . )  X = 1 . 0  
I F ( X , . C T . l . . A N D . X . L E . l  . 5 )  X = 1 . 5  
I F ( X . G T . l . S . R H D . X . L E . 2 . )  X = 2 . 0  
I F ( X . G T . 2 . . A N D . X . L E . 2 . , 5 ]  X = 2 . 5  
x = x + 0 . 5  
I F ( X Y F L G . E Q . 1 )  XYll = X Y l ( 2 )  
IF (XYFLG.EQ.1)   XY22 = X Y 2 ( 2 )  
IF (XYFLG.EQ.2)   XY22 = X Y 2 ( 3 )  
I F ( X Y F L G . E Q . 2 )  XYll = X Y l ( 3 )  
I F ( X Y F L C . E Q . 3 )  X Y l l  = X Y l ( 1 )  
IF (XYFLG.EQ.3)   XY22 = X Y 2 ( 1 )  
I F ( X Y F L C . E Q . 3 )  XYFLG = 0 

XYFLG = XYFLG + 1 
D O  8 0  I = 1 1 7 4 9  
I J S l C I )  = U S 2 C I )  
C O N T I N U E  
G O  T O  9 5  

I F ( X Y F L G . E Q . 3 )   C k L L   P L O T ( O . I . C , - 3 )  

9 9 9  CALL  URITE 
CALL CLOSE( I D C B ,  I E R R )  
S T O P  
E N D  



SUBROUTIHE  CLEER 
INTEGER  RSFF 
D A T A  R S F F / 0 1 7 0 1 4 B /  
CALL E X E C [ 2 , 1 0 7 8 1   R S F F J - 2 )  
RETURN 
END 
S U B R O U T I N E   R Y S 2 ( Y S P , I F L A G )  
COllHON I D A T E ~ ~ ~ I ~ T I H E ( ~ ) ~ ~ D C B ~ ~ ~ ~ ~ ~ I B U F ~ ~ ~ ~ ~ L U , I D S A ~ ~ ~ ~ ~ I S ~ ~ F  

D I HENS I ON US2( 8 0 0  > 
DATA I B L K / 2 H  i 
I C F  = 0 
I F < N E U D   . E a .  1 ) G O  T O  9 4 2  

1, NEYD 

1 5  I K  = 1 
D O  5 1  K = 1 , 1 0 0  
K K  = K*8 

I K  = I K  t 8 
R E A D ( 8 , * )  ( c d S 2 ( I J  ) I  I J = I K , K K )  

5 1  COHTINUE 
CRLL  READF(   IDCBI   IERR,   IBUF)  
CALL CODE 
R E A D ~ I B U F ~ 3 0 0 ) ( I D A T E ( N N ) r N N = 1 , 8 ) , < I T I # E C ~ K ~ , N K ~ l ~ 3 ~  

300  FORMAT(   8A213X)   3A2)  
I F ( I D A T E ( l ) . E Q . I B L K )  G O  T O  20 

I D S A V <  J )  = I D A T E (  J )  

I F C I C F   . E Q . l  ) G O  T O  9 5 3  
I F ( I R D Y . E Q . 0 )  G O  T O  4 5  
CALL  CLEER 

D O  8 9  J = 1 , 8  

8 9  CONTINUE 

MRITE(   LU,  5 8 0  > 
5 8 0  F O R M A T ( / ,  " D O  Y O U  U I S H  T O  TERHINATE P R O C R A ~ 1 ? " l O X " Y E S n 1 O X " N O "  ) 

C A L L   T D U C H ( 0 , 3 1 1 0 , 3 1 ,  I X ,  I Y )  
I X  = I X / 2  
I Y  = I Y / 2  
I F ( I X . L T . 1 0 )   U R I T E ( L U , 3 4 9 )  
I F (  I X .  L T .  1 0 )  STOP 

349   FORt !AT( / ' * * * *PROGRAH  J IHPL  H A S  B E E N   T E R H I N A T E D * * * * " )  

101  FORHfiT(/ / 'CHf iNGE  PLOT  PAPER . . . . . . . . . . . .  TOUCH PANEL T O  CONTINUE' )  
U R I T E ( L U ,   1 0 1 )  

CALL T O U C H ( 0 , 3 1 , 0 , 3 1 , 1 X 1  IY) 
I X  = 1 x 1 2  
I Y  = I Y i 2  
X F ( I X . L T . 1 5 )   I F L A C  = 1 

I R D Y  = i . 
45 CONTINUE 

Y R I T E ( L U , 1 0 0 )   ( I D A T E ( N K ) , N K = l , 8 )  
kO0 F O R H A T O / ' N e u  D o t e  i s :  " 8 A 2 )  
C RETURN 

Y R I T E (   L U I  9 4 0  1 
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I 

94  0 

3s 1 

9 5 3  
9 4 2  

20 

30  1 

2 2 3  

2 2 2  

23 

4 1  4 

FORHAT( / I  ' D  i f f e r e n t   D a t e  Desi r e d ? ' l O X ' Y E S "  1 Q X " N O "  ) 
C A L L   T 0 U C H < 0 1 3 1 , 0 1 3 1 ~  1 x 1  I Y  1 
I X  = I X / 2  
I Y  = I Y / P  
I F ( I X . G T . 6 )  GO T O  9 4 2  
LbR I T E (   L U I   9 5  1 ) 
FORtlAT(/'ENTER NUMBER OF CURVES SKIPPED? - ' )  

NFB = I C U R S  - 1 
I F B  = NFB 
NFB = HFB*100  

R E A D ( L U I * )  I C U R S  

CALL  PTAPE(8,01NFB)  
CClLL P O S N T (  IDCB, I E R R ,  I F B I O )  
I C F  = 1 
G O  T O  1 5  
CONTINUE 
CONTINUE 
NEMD = 0 
ISAhrF = 1 
CONTINUE 

F O R M A T < / / " T i n e  o f  C u r v e  i s :  " 3 A 2 1 5 X " P l o t  D e s i r e d ? " l O X " Y E S " l O X " N O " ~  
CALL  TOUCH(0 ,31 ,0~31 ,  I X J  IY) 
I X  = I X / 2  
I Y  = I Y / 2  
I F ( I X . G T . 1 0 )   W R I T E ( L U , 2 2 3 )  
FORHRTI1OX"CURYE N O T  PLOTTED')  
I F C I X . G T . 1 0 )  GO T O  1 5  

F O R # A T O I " C u r u e  D e s i r e d . .  . . ! d i l l  . I t  F i t  On P a p e r ? " 5 X " Y E S ' 1 0 X ' t N O m )  

U R I T E ( L U , 3 0 1 ) (   I T I M E ( N K ) , N K = 1 , 3 )  . .  

I F I I X . L E . 1 0 )   W R I T E ( L U J Z ~ ~ )  

CALL  TOUCH(0,31,0131, I X ,  I Y  > 

IY = I Y / 2  
I F ( I X . L T . 1 0 )  G O  T O  23 
CALL  CLEER 

, I X  = I X / 2  

V R I T E ( L U ,   1 0 1 )  
CflLL T O U C H ( ~ J ~ ~ , ~ , ~ ~ I I X I I Y )  
I X  = I X / 2  
I Y  = I Y / 2  
I F ( I X . L T . 1 5 )   I S A Y F  = 1 
I F (   I X . L T .   1 5 )   I F L A C  = 1 
CONTINUE 

F O R H A T < 5 X , " C u r v e   B e i n g   P l o t t e d " )  
CFtLL F I L T R (  Y S 2 )  
R E T U R N  
E N D  

INTEGER ENQ 
O I H E N S I O N   I C 2 )  

W R I T E (  LU, 4 1 4 )  

SUBROUTINE T O U C H ( I X L , I X H J I Y L , I Y H , I X I I Y )  

A -  1 6 6  



I!' - 

EQUIVALENCE  <IfirI(l))#<IB~1(2)) 
DfiTI E H 0 / 0 0 2 4 0 0 B k  

4 C R L L  EXEC(2,10fBrENQ,-l) 
C A L L  E X E C ~ ~ ~ ~ ~ ~ B J I J - ~ )  
I X  IRND<I(1)#37B) 
I Y  I R N D € I S H I F ( I ( ~ ) J ~ ) , ~ ~ B )  
R E T U R N -  
E N D  . 
SUBROUTINE  FILTR( U S 1  1 
D I H E H S I O N  USl( 1 )  
D O   1 0 0 0   I C i = l r 7 9 8  
I C 2  = IC1 + 1 
I C 3  = IC1 + 2 
IF(USl(IC1)  .CE.  100.0)CO  TO  1000 
OIFi  USl(IC1) - USl(IC2) 
D I F 2  = US1(ICl) - U S l C I C 3 )  
D I F 3  = USi(IC2) - US1(  IC3) 
IF(ABS(DIFl).CT.l.O  .AND. A B S ~ D I F 3 ) . G T . l . O ~ Y S l < I C 2 ~  = U S l < I C l )  
IF((ABS<DIFI).CT.l.O)  .AND. (ABS(DIF2).GT.1.0) .AND.- 

. (((DIFl.CT.0.O)  .AND.  (DIF3.LT.O.O)) . O R .  
((DIF1.LT.Q.O)  .AND. (DIF3.GT.O.O))))WSl(IC2) = USl(IC1) 

1 0 0 0  C O N T I N U E  
R E T U R N  
E N D  
E N D S  
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Program JWDPL 
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II - 

. :. -7 ,: 
. .  

. .  
':I FTi,',L ' . '  . .  . .  

' PR .oC; iAn  J-MDPL 
% :  . .  C O H H O N -   I D L T E < ~ . ) I  I T I H E ( ~ ) I I D C B C ~ ~ ~ ) ~ I B U F < ~ O > ~ L U ~  I D S A Y ( 8 ) r   I S d Y F  
. .  

1 r H E M D  . 

' .  , .  ' D I H E W S I O W   1 L X l C 1 1 ) ~   X Y l C 3 2 ,   X Y 2 ( 3 ) r I Y T I T ( 2 1 ) I I S D A T ( 8 )  
, .  

. .  :. 
.. , . D I H E H S I O N  M S ~ ( ~ ~ O ) ~ Y S ~ < ~ O ~ ~ : I D E C ~ ( ~ ~ ) I D E C ~ < ~ ~ ~ ~ D E G ~ ( ~ ~ ) ~ D E C ~ ( ~ ~ )  

.. I .,. D I H E N S I O H  I Y L ~ B C ~ ) ~ I K L A B ( ~ ~ ) ~ I X L A B ~ ~ ~ ~ I N T I H E ~ ~ )  
D 1 , H E N S I O N   I X L A B ~ . C ~ ) I O K P L T C ~ ) I   I X D A T E ( 9 ) ,   I X T I T ( 2 1 )  

' D I H E N S I O H ~ .  SKFC8)' 
Q I H E N S I O N  I L E C 1 ~ 7 ) r I L E C 2 < 1 4 ~ r I L E G 3 ~ 1 4 ~  
D I H E N S I O N   H U H F B ( ~ ) I I L A R ( S ) I   N A H E ( ~ > J N A H E I ( ~ ) I   N f i t t E 2 ( 3 j 8   N A H E 3 ( 3 )  

, I .  

I D L T A - D E C 1 / 0 . r 9 0 . 1 1 8 0 . ~ 2 7 0 . ~ 3 6 0 . ~ 9 0 . 1 1 ~ ~ . 1 2 7 0 . 1 3 6 0 . ~ 9 0 . ~ ~ 8 ~ ~ ~ 2 7 0 . /  
. D A T L   S K P / 2 7 0 .  8 180. I 9 0 .  I 0 .  1 -.90. I - 1 8 0 .  I - 2 7 0 .  I 3 6 0 .  / 

1360. / 

1 9 0 .  / 

1180 . /  

D A T A   D E C 2 / 9 0 .  I 180. J 270 .  J 3 6 0 .  I 9 0 .  I 1 8 0 . 1 2 7 0 .  I 3 6 0 . 1 9 0 .  a 1 8 0 .  D 270.8  

D A T A  D E C 3 / 1 8 0 . r 2 7 0 . 1 3 6 0 . r 9 0 . ~ 1 8 ~ . ~ 2 7 0 . ~ 3 6 0 . ~ 9 0 . 1 1 8 0 . ~ 2 7 ~ . 1 3 6 ~ . ~  

D A T A  D E G 4 / 2 7 0 . 1 3 6 0 . 1 9 0 . 1 1 8 O . a 2 7 0 . ~ 3 6 0 . ~ 9 ~ . 1 1 8 0 . ~ 2 7 0 . ~ 3 6 ~ . ~ 9 ~ . ~  

D A T A  I L E C ~ / ~ ~ I ~ H N A ~ ~ H S A I ~ H  - 1 2 H   H I ~ H S F ~ ~ H C  / 
D A T A   X Y l . / O . r - . 3 1 - . 6 /  
D I l T A   X Y 2 / 0 . 1 .  3 1 - 6 1  
D A T A   I L E C 2 / 2 6 # , , . 2 H S P I   2 H A C I   2 H E  I 2 H S C J   2 H I E I   2 H H C I   ~ H E S I  

1 2 H  L I ~ H A B I ~ H O R I ~ H A T J ~ H O R I ~ H Y  / 
D A T A   I A X 1 / 2 1 2 H   2 , 2 H   4 , 2 H   6 1 2 H  8~2H10~2H12,2H1412H16,2H18,2H20/ 
D A T A   i L E C 3 / 2 6 1 2 H h E ,   2 H R O a   2 H S P a   2 H A C J   2 H E  I PHEN,   2HVI .J   2HR0,  

1 2 H N H r 2 H E W , Z H T   , 2 H D I 1 2 H V . /  
D A T A   I Y L A B / ~ ~ I ~ H A L I   2 H f 1 1   ~ H T U I   ~ H D E I   2 H  ( a  2 H K H I   2 H )  / 
D A T A   N T I H E / 5 /  
D A T A  I X L A B / ~ ~ I ~ H U I , ~ H H D ~ ~ H  D I 2 H I R , 2 H E C , 2 H T I , 2 H O N , 2 H  ( , 2 H D E ,  

1 2 H G S l   2 H )  / 
D A T Q   I X L A B 2 / 2 , 2 H - l /  
D A T A   I X L A B 3 / 1 8 2 H )  / 
D L T L   I X T I T / 4 0 , 2 H   , 2 H P 0 , 2 H I N I 2 H T   , 2 H H U , 2 H C U , Z H   J , 2 H I t l , 2 H S P ,  

1 '  2 H H E 1 2 H R E 1 2 H   U I ~ H I N I Z H D   I ~ H P R I ~ H O F , ~ H I L , ~ H E   r 2 H D A , 2 H T R /  
D A T L   l Y T l T / 4 0 1   P H C A I   ~ H P E I   2 H  KI PHENI  2HHE1.2HDYa  2H J ,  2 H I t t J   2 H S P I  

1 ~ H H E I ~ H R E I ~ H   Y ~ Z H I N I ~ H D   ~ ~ H P R I ~ H O F J ~ H I L ~ ~ H E   r 2 H D l r 2 H T A /  
D A T A   I X D A T E / 1 6 /  
D A T A   H A H E ~ / ~ H & J I ~ H K S I ~ H C ~ /  
D L T A   N L H E 2 / 2 H L J 1 2 H K S I 2 H C 2 /  
D A T A   N A H E 3 / 2 H & J 1   2 H P T 8   2 H H  / 

C ** I H I T I A L I Z E  LU D E V I C E  
C A L L   R t l P A R ( :   I P A R )  
L U  = I P A R ( 1 )  

L U  = 7 
C C A L L   E X E C ( 2 2  I 1 ) 

C **  O P E N   D A T E   A N D   T I H E   F I L E  
C C L L L   O P E N ( I D C B I I E R R J N A H E I O )  
C ** I H I T I A L I Z E   P L O T T E R  

C A L L   P L T L U C  1 2  > 

A.- 1 6 9  



C 
. C 4 0 S  

C 
C 
c 2 1 4  
C 
C 
C 
C 
C16 
C 
C17 
C 
21 5 

1 0 3  

1 0 4  

1 4  1 

1 7 2  

1 4 2  
1 7 3  
105 
1 0 6  

7 1  

HEYD = 0 
I F 1  - 0 
IMAHE = 0 
ISlVF = 0 
I R D Y  = 0 
CILL CLEaR - 

F O R H l T ( / / ' * * * * ' H I S A / H S F C  JIHSPHERE Y I N D  PROFILE  PLOTTING' 
Y R I T E (  L U J  4 0 5 )  

l l X ' P R O G R C I H * * * * ' )  
YRITECLUa 2 1 4 )  
F O R H A T C / " J i n s p h e r r   Y i n d   P r o f i ! e   D a t a   D e o i r e d ? ' S X ' ' Y I N D  SPEED" 

1 lOX'UIND  DIRECTION")  
CA'LL TOUCH(O,lS,O,lS, 1x1  IY) 
I F ( I X . C T . 9 )  G O  T O  2 1 5  

F O R H A T ( / " U r e   P r o g r a n  JYDPL For Y i n d   D i r e c t i o n   P l o t s ' )  
Y R I T E (  LU, 21 6 1 

YRITE( LU, 2 1  7 > 
FORHAT(/, ' **-** JYSPL ***  TERHIHATED e * * * '  ) 
STOP 
CONTINUE 

F O R H A T < / , ' J i n s p h o r e   Y i n d   P r o f i l e   D a t a   D e s i r e d ? ' S X " C A P E  KENNEDY' 
Y R  I T E (  LUI 1 0 2  ) 

1lOX'POINT HUGU' )  
CILL T O U C H ( O , ~ S J O , ~ S ,  I % ,  I Y )  
I F ( I X . G T . 1 0 )  G O  T O  71 
I C K  f 1 
Y R  I T E (  LUI 103 ) 

. F O R H A T O , S X , ' C a p e   K e n n e d y   D a t a   D e s i r e d ? ' l O X " 1 9 6 4 - 1 9 6 6 '  
1 9 X g 1 9 6 7 - 1 9 7 Q ' )  

FURHAT(/, 1 0 X " P o i n t  Hugu D o t o  F o r :  1 9 6 5 - 1 9 7 0 " )  
.CALL T 0 U C H ( 0 ~ 1 5 ~ 0 , 1 5 , 1 X ~ I Y )  

I F ( I X . L E . 9 )  INCIHE = 1 

I F ( I X . G T . 9 )   I N A H E  = 2 
I F ( I M A H E . E Q . 2 )  G O  T O  172 

N I H E C K )  = NCIHEl(K) 
CONTINUE 
G O  T O  1 7 3  
CONTINUE 

HAHECK) = N A H E P ( K )  
CONTINUE 
CONTINUE 
F O R H A T ( / , l O X ' C a p e   K e n n e d y   D a t a   F o r :   1 9 6 4 - 1 9 6 6 " )  

G O  T O  7 2  
CONTIHUE 

I F ( l X . L E . 9 )   U R I l E ( L U , l O S )  

I F ( I X . C T . 9 )   Y R I T E ( L U J ~ O ~ )  

DO 141"  K = l ,  3 

DO 1 4 2  K 1 ~ 3  

FORl f f lT< /J1OXmCap*   Kennedy   Da ta  F o r :  1 9 6 7 - 1 9 7 0 ' )  

D O '  1 7 1   5 ~ 1 1 3  
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I -  

NIHE<J ) = NflHE3(  J ) 
1 7 1  CONTIHUE 

~ Y R  I T E <  LUI 104 ) 
72 CONTINUE 
C YRITE< LUI 108) 
C108  F O R H A T < / / , ' J i n s p h e r e   Y i n d   S p e e d  D a t a  B e i n g   P r o c e s s e d ' )  

Y R I T E <  LUI 4 0 0  ) 
400  FORH6T<//, 'TURH O H  PLOT'TER . . . .  P O S I T I O N  PAPER..'..TOUCH PhHEL YHEH' 

I IX 'READY'  Y 
' 234 CALL T O U C H < O , l S , O , l S r  IXI I Y )  

L F ( I X . C T . 1 5 )  G O  T O  234 
C T H I S  I S  YHERE THE D I S C  F I L E  I S  OPEHED ' 

CRLL  OPEH(IDCBIIERRIHL~EIO) 
CALL CLERR 

C Y R  I T E ~  LU, 9 0 7  ) 
C07 FORHAT</"**+*PLOTTING HAS BEEN I N I T I A L I Z E D * * * * ' )  
9 4 1  CONTINUE 
6 9  l F L L G  = 0 

CALL  LLEFT 
CALL   SFACT(15 . ,10 . )  
CALL P L O T C I .  1 1 . 5 1 - 3 )  

C ** Y R I T E  N R S A  LEGEND' 
CclLL PL0Ti.Q. I 0 .  I 3) 
C A L L   P L O T < - . 5 r - . 9 5 1 3 )  
CALL   SYnB<- .5 , - .95J   . 111LEG1,0 .11 )  
CRLL P L O T ( - . S r - l . 1 > 3 )  
CALL S Y H B < - . S J ; ~ ~ , . ~ I  . 0 8 J I L E G 2 , 0 .  1 1 )  
C l l LL   PLOT<- .  5, -1'. 251 3 1 
CALL S Y H B < - . S r - l  .25, . O B I  I L E G 3 1 0 .  1 1 )  

C * *  T H I S  P O R T I O N  D R A Y S  Y - A X I S  
CALL  PLOT(. 0 .  a 0 .  I 3 ) 
CALL  PLOT(0.  1 0 .  I 2 )  
CALL   PLOT<O. ,S .JZ )  
D O  3 0  I"1,lO 
L = I / 2 .  
CALL  PLOT(O. rA r3 )  
CALL  PLOT<.   051 LI 2 )  
B = 1 * 2  
C A L L  Nunu<-.  3, AI . I I 0 .  - 1  > 

30 CONTINUE 

C * *  T H I S  P O R T I O N  Y R I T E S  HEADERS AND LEGEND 
CRLL S Y M B < - . 4 5 , 1 . 9 I   . l O , I Y L A B 1 9 0 . ~ 1 )  

C A L L   s y n e ( 3 . 5 ,  - 1  . I , .  l o I  IXLRB,O. , I )  
I F < I N R H E . E Q . O )   C L L L  S Y f l B ( 2 . 3 1 6 . 0 1 . 1 2 r I X T I T ~ 0 . ~ 1 )  
I F < I N h H E . C T . O )  CALL S Y t l B < 2 . 3 1 C . 0 ~ . 1 2 ~ I Y T I T ~ 0 . ~ l )  

C * *  T H I S  P O R T I O N  READS THE FIRST U S 1  D A T f i  A R R A Y  
I F ( I F l . E Q . 0 )  CALL R Y S P < Y S l ~ I F L A C , I P D S )  
IF(NEUD.EQ. 1 )  GO TO 9 4 1  
I F 1  = 1 
I F < E S R V F . H E . l )  G O . T O  1 2 9  

I 



128 

129 

5 7  1 

c * *  
95 

45 6 

35 

6 4  2 

D O  1 2 8  J = 1 , 8  
IDf iTEC J ) = I D S f i V i  J 1 
CONTINUE 
I F ( I S A V F . E Q . 1 )   I S L V F  = 0 
CONTINUE 
I F L A C  = 0 

K P  = KL + 1 
I XDATEC K P  > = I DATE( KL ) 
CONTINUE 
CQLL S Y H 8 C 4 . ~ 5 . 7 0 , . 1 2 , I X D A T E , O . ~ l )  
x = 0 .  
X Y 1 1  = X Y l ( 1 )  
XY22. = X Y Z ( 1 )  
XYFLC = 1 

D O  5 7 1  K L = 1 > 8  

T H I S  P O R T I O N  D R A U S  THE X A X I S  * * * * * * * * *  . 
CRLL P L O T ( 0 . 1 0 . # 3 )  
C R L L   P L O T ( X , X Y 1 1 1 - 3 )  
x x = o .  
D O  4 5 6  I=l, 790 
I F t U S l ( I ) . G E . l 0 0 0 . )  G O  T O  4 5 6 .  

CONTINUE 
' A X = (  X X + S K P (  I Q D S )  ) / 1 8 0 . 0  
XX=AIHT(2.0*(XX+0.49999999~1/2.0 

N X X  = I H T ( 2 . O  * X X )  + 1 
D O  35 I = I , N X X  
A = ( 1 - 1 ) / 2 .  
D = D E G 1 (  1)  
I F ( I B D S . E Q . 1 )  D = D E C 2 C I )  
I F ( I Q D S . E Q . 2 )  D = D E G J ( 1 )  
I F ( I Q D S . E Q . 3 )  D = D E G 4 c I )  
fF(IQDS.EB.4) D = D E C l t I j  
1 F C I U D G . E Q . S )  D = D E G P C I )  
I F ( I Q O S . E B . 6 )  D = . D E C 3 ( I )  
I F t I Q ' D S . E Q . 7 )  D = D E C 4 C I )  
I F ( I Q D S . E Q . 8 )  D = D E G l ( 1 )  

X X  = A t l A X l ( X X I W S l ( 1  1 )  

CFiLL P L O T ( X X 1 0 . 1 2 )  

C A L L  PLOTCAJO. 1 3 )  
CALL  PLOT(& ,  .OS> 2 )  
B = U - . O S  
C A L L  N U # B ~ B I - . ~ S J . ~ J D J O . I - ~ )  
C O H T I H U E  
B = O .  
Cf iLL  P L O T ( 0 .  J X Y 2 2 t - 3 )  
I F ( U S l ( i ) . G E . 1 0 0 0 . )  G O  T O  6 4 2  
A = ( W S l (  1 ) t S K P (  I Q D S )  ) / 1 8 O .  
B =  B 4 . G O 6 2 5  

CONTINUE 
C A L L   P L O T ( R I B J J )  
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N =. 1 
J F L C  = -1 
D O  36  I=Sr790 
B = B + . 0 0 6 2 5  
1 F ( U S l ( I ) . C E . l 0 0 0 . )  C O  TO 6 4 7  

X C  ABSCUSltI)-USl<W)) 

J F L C = O  

C C -  B 
N = I  

a = ( u s i t  I )+SKP(IPDS))/ IQO 

I F ( J F L C . N E . 0 )   C L L L   P L O T ( A , B , 3 )  

CALL PLOTCf i ,B ,P )  

6 4 3  C O H T I N U E  
36 C O N T I N U E  

c = A - . 2 s  
0 = c c t  . o s  
N T I H E ( 2 )  = I T I H E ( 1 )  
N T I H E (  3 )  = I T I f l E (  2 )  
N T I H E ( 4 )  = I T I H E C 3 )  
C U L L   S Y H B t C a D ,   . O ~ I N T I H E , O . I ~ )  
CALL R U S P C Y S 2 , I F L A C , I Q D S )  
I F ( H E U D . E Q . 1 )  G O  TO 9 4 1  
I F ( I F L A C . E Q . 0 )  G O  TO 7 0  
D O  9 6  1 ~ 1 , 7 9 0  
Idsic I) = U S 2 ( 1 >  

9 6  C O N T I N U E  
G O  T O  6 9  

70  x = x x  
I F ( X Y F L C . E Q . 1 )  X Y l l  = X Y l C 2 )  
I F C X Y F L C . E Q . 1 )   X Y 2 2  = X Y 2 ( 2 )  
I F ( X Y F L C . E Q . 2 )   X Y 2 2  = X Y 2 ( 3 )  
I F ( X Y F L G . E Q . 2 )  XYll = X Y l ( 3 )  
I F ( X Y F L C . E Q . 3 )  X Y l l  = X Y l ( 1 )  
I F ( X Y F L C . E P . 3 )   X Y 2 2  = X Y 2 ( 1 )  
Z F ( X Y F L G . E Q . 3 )   X Y F L G  = 0 
I F C X Y F L G . E Q . 3 )  CRLL P L O f ( 0 . 0 . 6 1 - 3 )  
X'YFLG = X Y F L G  t 1 
D O  0 0  1 - 1 1 7 9 0  
U S l ( 1 )  = Y S S ( I >  

80 C O N T l N U E  
G O  T O  9 5  

9 9 9  CALL U R I T E  
C CRLL E X E C ( 2 2 , O )  

CALL C L O S E (   I D C B I   I E R R )  
END 
S U 8 R O U T I N E   R U S P ( U S ~ , I F L R C I   I Q D S I D S H F )  
COHHON I D A T E ~ 8 ~ ~ I T I H E ~ 3 ~ ~ I D C B < 1 4 4 ~ ~ I ~ U F ~ 4 O ~ ~ L U ~ I D S f i ~ ~ 8 ~ ~ I S ~ ~ F  

1 I NEYD 
D I M E N S I O N  U S 2 ( 0 0 O )  
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15 

51 

30 0 

8 9  

58 0 

C 

c 4  9 

10 1 

4 5  

1 0 0  
C 

9 4 0  

95 1 

9 5  3 

D(ITC1 I B L K / 2 H  / 

I F ( N E Y D . E Q .  1) GO TO 9 4 2  
I K  = 1 

K K  = K * 8  

I K  = I K  + 8 
C O N T   I H U E  

CALL CODE 

I C F  .=. 0 

D O  5 1  K = 1 , 1 0 0  

R E C t D ( 8 , * )   ( Y S 2 ( I J ) r I J = I K , K K )  

CALL R E A D F C   I D C B ,   I E R R ,   I B U F )  

R E A D ( I B U F , 3 0 0 ) I I D I T E ~ N H ) , N N = 1 , 8 ) , ~  I T I H E ( N K ) , N K = 1 , 3 )  
F O R H A T (  8 ~ 2 , 3 x ,  3 ~ 2 )  
I F (  I D A T E (  1 ) .  E Q .   I B L K  ) G O  TO 20 

I D S A V C  J ) = I D A T E (  J )  
C O N T I N U E  
I F ( I C F . E B .  1 ) G O  TO 9 5 3  
I F ( I R D Y . E Q . 0 )  GO TO 4 5  
C A L L   C L E A R  

D O  8 9  J = l r 8  

Y R  ITEC LU, 5 8 0  ) 
F O R M A T ( / , " D O   Y O U   O I S H  TO T E R M I N A T E  P R O G R B H ? ' l O X ' Y E S ' 1 0 X " N O a )  
CALL T 0 U C H ( 0 , 1 5 , 0 1 1 5 ~ 1 X , I Y )  
I F ( I X . L T . 1 0 )   Y R I T E C L U , 3 4 9 )  
I F ( I X . L T . 1 0 )   S T O P  
F O R l l A T ( / " * * * * P R O C R R H  J I t l P L  H A S  B E E N   T E R # I N A T E D * * * * " )  

F O R H A T ( / / " C H A N G E   P L O T   P A P E R  . . . . . . . . . . . .  T O U C H   P A N E L   T O   C O N T I N U E . )  

I F ( I X . L T . 1 5 )  I F L A G  = 1 
C O N T I N U E  
I R D Y  = 1 

F O R H A T ( / / ' H e w   D a t e  i s :  " 8 A 2  ) 
R E T U R N  

F O R # A T ( / , ' D i f f e r e n t  O o t e  O e s i r e d ? ~ l O X ' Y E S ' l O X U H O " ~  

I F ( I X . G T . 6 )  G O  TO 9 4 2  

F O R f l A T C / " E N T E R  N U t l B E R  OF C U R V E S   S K I P P E D ?  , * I  

N F B  = I C U R S  - 1 
I F B  = N F B  
N F B  = N F B n 1 0 0  

U R I T E (   L U ,  101  

C A L L   T O U C H (  0 , 1 5 r  0 , 1 5 1  I XI I Y  ) 

U R I T E ( L U , 1 0 0 )   ( I D A T E < N K ) , N K = l , O )  

WR I T E (  L I I ,  4 4 0  ) 

CRLL T O U C H ( O ~ 1 5 r O ~ l S , I X , I Y )  

U R I T E (   L U ,  9 5 1  5 

R E A D ( L U , * )   I C U R S  

CALL P T A P E C O , O , N F B )  
CALL POSNTC I D C B ,  I E R R ,  I F B j O )  
I C F  = 1 
G O  TO 1 5  
C O N T I N U E  
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94 2 

20 

30.1 

C 
C2 3 

22  2 

23  
C- 
C14 

CONTINUE 
NEYD = 0 
I S A Y F  = 1 
C O N T I N U E  

FORHATC// 'T ine o f  C u r v e  i s :  ' 2 L 2 , A l r S X ' P l o t   D e s i r e d ? ' l O X ' Y E S "  
Y R I T E ( L U , 3 0 1 ) ( I T I n E ( N K ) , N K l l r 3 )  

10X'NO' ) 
CALL TOUCH< 0 , l S r  0 , 1 5 r  1 x 1  I Y  ) 
I F ( I X . C T . 1 0 . )   Y R I T E ( L U 1 2 2 3 )  
FORHAT(  IOX'CURYE N O T  PLOTTED" ) 
I F ( I X . G T . 1 0 )  G O  T O  1 5  
I F ( I X . L E . 1 0 )   Y R I T E ( L U , 2 2 2 )  
F O R H A T C / , ' C u r v e   D e s i r e d  . . . .  Yill It F i t  On P a p e r ? " 5 X " Y E S n 1 0 X " N O ' )  

I F ( I X . L T . 1 0 )  G O  T O  23  
CLLL  CLELR 

CLLL  TOUCH(0,15,0,15,  1x1 I Y )  

YRITECLU, 101 ) 
C L L L  T O U C H ( O , 1 5 ~ 0 , 1 5 , I X ~ I Y )  
I F ( I X . L T . 1 5 )   I S L Y F  = 1 
I F ( I X . L T . 1 5 )  IFLClC = 1 
CONTINUE 

F O R H A T < 5 X , ' C u r v e   B e i n g   P l o t t e d ' )  

R E T U R N  

YRIT,E(  LU, 414 ) 

CLLL  F ILTR(YS2, IQDS,DSHF)  

E N D .  .. 
SUBROUTINE T O U C H (  IXL, IXH,IYL, IYH, IX, IY) 
I N T E G E R  ENR 
DIHENSION I( 2 )  

DbTL  ENQ/002400B/  
EQUIYLLENCE C I A ,  IC1 ) ) , ( I B a  I ( 2 ) )  

4 CALL EXEC(2,   107B,ENQ,- l )  
CALL E X E C ( 1 , 1 0 7 8 , 1 , - 4 )  
I X  = I A N D ( I S H I F (   I B , - 8 ) , 1 B )  
I X  I O R ~ I L N D C I S H I F ~ I L ~ ~ 3 ~ ~ 2 6 ~ ~ 1 % ~  
I X  = I O R (  ICIND( I S H I F < I L , - ~ ) , ~ B ) I  I X )  
I X  = I O R C  I ( \ H D (  ISHIFC I L  1 ), 108 ), 1 x 1  
IF(fX.LT.SXL . O R .  1X.CT.IXH)GO T O  4 
I Y  = I b N D < I S H I F ~ I B ~ - 1 2 ) ~ 1 B )  
I Y  = I O R (  I L N D (   I S H I F < I B , - 1 0 ) , 2 B ) ,  I Y )  
I Y  = I O R ~ I L N D ~ I S H I F ~ I B , ~ 8 ~ ~ 4 B ~ ~ I Y ~  
IY = . I O R (  I A N D (  I S H I F ( I B , - C ) ,  1 0 8 ) )  IY) 
I F < I Y . L T . I Y L  . O R .  1 Y . C T . I Y H ) C O  T O  4 
RETURN 
E N D  
SUBROUTINE CLEAR 
INTEGER  RSFF 
D A T L  RSFF/017014B/  
C I I L L   E X E C ( S , ~ O ~ B , R S F F I - ~ )  
R E T U R H  
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E N D  
S U B R Q U T I N E   F I L T R ( Y S 1 ,   I Q D S I D S H F )  

N = l  
D O  100 1~2,790 
I F < Y S l ( N ) . G T . 1 0 0 0 . )  G O  T O  50 
IF(USl(I).GT.lQ00.) G O  T O  100 
IFCABS(VSl(N)-YSl~I)).LT.180. > G O  T O  50 
I F ~ Y S l ( I ) . G T . Y S l ~ N ) ) G O   T O  40 
USl(1) = YSl(1) t 360.0 
G O  T O  50 

40 Y S l ( 1 )  = USl(1) - 360.0 

D I H E R S I O N  u s u  1 )  

5 0  N = I  
100 C O N T I N U E  

R H I N  = 10000. 
, D O  101 I = 2 > 7 4 0  
R H I N  = A H I H l ( R # I N ~ Y S l C I ) )  

101 C O N T I N U E  
I F C R # I N . C T . - 2 7 0 . . A N D . R M I N . L E . - l 8 O . ~  I Q D S  = 1 
I F ( R H I N . G T . - 1 8 Q . . A N D . R M I N . L E . - 9 0 .  ) I Q D S  = 2 
I F C R H I N . G T . - 9 0 .   . A N D . R H I N . L E . O .  1 I Q D S  = 3 
I F ( R H I N . C T . 0 .   . A N D . R R I N . L E . S Q .   I Q D S  = 4 
IF(RHIN.GT.9Q.  .AND.RllIH.LE. 1 8 0 . )  I Q D S  = 5 
I F ( R H I N . G T . 1 8 0 .   . A N D . R M I N . L E . 2 7 0 .  > I Q D S  = 6 
IF(RHIN.GT.274.  .AND.RflIN.LE.lOOO. ) I Q D S  = 7 

I F C I Q D S . E Q . 1 )  D S H F  = 270. 
I F ( I Q D S . E Q . 2 )  D S H F  = 180. 
I F ( I Q D S . E Q . 3 )  D S H C  = 9 0 .  
I F ( I Q D S . E Q . 4 )  D S H F  = 0 .  
I F ( I Q D S . E Q . 5 )  D S H F  = -94. 
I F ( I Q D S . E Q . 6 )  D S H F  = -180. 
I F C I Q D S   . E Q . 7 )  D S H F  = -270. 
I F ( I Q D S . E Q . 8 )  D S H F  = 3 6 0 .  

E N D  

IF(IQD.EQ.2.fiND.h.CT..S) A = A - . 5  
IF(IQD.EQ.2.AND.fi .LE..5) A = fi t 1.5 
IF( I Q D  .EQ. 3 . A N D .  A .  LE. 1 .  ) A = A t l .  
I F < I Q D  . E Q . 3 . hND.h. C T .  1 .  A A - 1 .  
If(IQD . E Q . 4 . ~ N D . ~ . L E . I . S ) A = ~ t . 5  
IF(1QD . E Q . 4 . AND.A.GT.l.S)A=A-1.5 
R E T U R N  
E N D  
E N D %  

I F ( R H I N . G T < . . - J ~ Q .  . A N D .  R P I I N . L E . - ~ ~ O . )  I Q D S  = 8 

R E T U R N  
SUBR.OUTINE  IQDCP(  IQD, A )  

A -  176 



Program JIMPS 

A-177 



f TN4 
P R O G R A N  J I H P S  
DIHENSION X ( ~ ) , Y ( ~ ) ~ X X ( ~ O ) ~ Y Y ( ~ ~ ~ ~ J I H E A ~ ( ~ ~ ) J ~ S ~ ( ~ ~ ~ )  
D I H E N S I O N   X T I C [ l 2 ) r X T I C l ( 2 ) ,  Y T I C ( 4 2 ) , Y T I C 1 ( 2 ) , I X N U H ( 6 )  
D I H E N S I O N  IPARZS)  
D I F I E N S I O H  ITIHE(18),1ERS(32),JUSPL(3),ILINE(32) 
D I R E N S I O N  I X L E G ( S ) , J I H F 1 ( 3 )  
D I H E N S I O H  I D A T E < ~ ) , Y L A B ( ~ ~ ) , Y A L T ( ~ ~ J X N U H ( ~ ~ )  
INTEGER  YLABIYALT 
REAL L L  
D A T A  IERS/32*2004QB/  
D A T A  J W S P L / ~ H J U J  PHSP, 2HL / 
D A T A  J I M F l / 2 H J I , 2 H H F , 2 H l  t' 
D A T A  I T I ~ ~ E / ~ H ~ ~ J ~ H ~ ~ J ~ H Z  ~ 2 H 1 4 ~ 2 H 3 1 ~ 2 H Z   ~ 2 H 1 6 ~ 2 H 0 0 ~ 2 H Z  I 

1 2 H 1 7 ~ 2 H 3 1 ~ 2 H Z   1 2 H 1 9 ~ 2 H 0 0 ~ 2 H z   1 2 H 2 2 1 2 H 0 0 ~ 2 H Z  / 
D A T A  X / 6 4 . ~ 1 6 4 . ~ 6 4 . , 6 4 . /  
D A T A  Y T I C 1 / 6 2 .  ~ 6 6 . )  
D A T A  Y T I C / l 5 2 . , 1 5 2 . , 1 7 6 . ~ 1 7 6 . J 2 0 ~ . ~ 2 ~ ~ . , 2 ~ 4 . J 2 2 4 . J 2 4 8 . J 2 4 8 . J  
1 2 7 2 . ~ 2 7 2 . ~ 2 9 6 . ~ 2 9 6 . 1 3 2 0 . 1 3 4 4 . J 3 4 4 . ~ ~ 4 4 . J 3 6 8 . ~ 3 6 8 . /  

D A T A  I X N U I l t ' 2 H   0 1   2 H 1 0 ,   2 H 2 0 ~ 2 H 3 0 ~   2 H 4 0 ~   2 H 5 0 /  
D A T A  I X L E G ~ ' ~ H S C J ~ H Q ~ J ~ H ~ ~ J ~ H  u ~ P H i n J 2 H d   ~ 2 H S p ~ 2 H e e ~ 2 H d  / 
D A T A  % N U f l / 5 6 .  I 5 6 .  I 7 6 .  J 7 6 .  J 9 6 .  J 9 6 .  J 1 1  6.4 1 1  6 .  J 1 3 6 .  J 1 3 6 . 8  

1 1 5 6 . , 1 5 6 . /  
D A T A  X T I C / 6 4 . , 6 4 . , 8 4 . , 8 4 . ? 1 0 4 . , 1 ~ 4 . ~ 1 2 4 , J l 2 4 . J 1 4 4 . , 1 4 4 . ,  

1 1 6 4 . J 1 6 4 . i  
OATB X f I C 1 / 1 2 6 . ~ 1 3 0 . /  
D A T A  IHEAD/2HCoJ  2Hpe,  2H K ,  2 H e n ~   2 H n e ~   2 H d y ~  2H J I  2 H i n ~   2 H s p r 2 H h c l  

1 2 H r e ~ 2 H   b l , 2 H i n r 2 H d  J ~ H P ~ J ~ H O ~ J ~ H ~ ~ J ~ H ~  ~ 2 H D o ~ 2 H t a /  
D A T A  YALT/PHA ~ 2 H 1   ~ 2 H t   ~ 2 H i   ~ 2 H t  J ~ H U  J2Hd ~ 2 H e  / 
O A T C l  Y / 1 2 8 .  8 1 2 8 .   1 2 8 .  > 3 6 8 . /  
D A T A  X X 1 5 0 .  7 5 .  J 1 5 0 .  1 7 5 .  2 0 0 .  t 2 5 0 .  > 2 7 5 .  J 3 0 0 .  J 350. J 3 6 0  . /  
D A T A  Y.Y/50.  a .100.  I 1 5 0 .  J 1 7 5 .  i 2 0 0 .  > 3 0 0 .  J 3 2 5 .  ,350. J 3 6 0 .   , 3 6 8 .  / 
D A T A  I D A T E t Z H  12H D J ~ H ~ C ~ ~ H  2 ~ 2 H 9 . . > 2 H   1 ~ 2 H 9 6 ~ 2 H 4  / 
D A T A  YLA8/2H 2 ~ 2 H  4 ~ 2 H  612H 8 ~ 2 H 1 0 , 2 H 1 2 , 2 H 1 4 ~ 2 H 1 6 J 2 H 2 0 /  

C *+ I N I T I A L I Z E   L U  D E V I C E  
CALL R # P A R (  I P A R )  
LU = I P A R C S )  

C * *  T H I S  P R O C R A H  I S  T O  T E S T  SPLIB  LIBRORY OF SUBROUTIHES 

C * *  CALL GRAF T O  I N I T I A T E  PLASHA S C O P E  FOR G R A P H I N G  

C * *  CALL CLEAR T O  CLEAR  PLASHA S C O P E  
1 CALL  CLEAR 
C * *  CALL S E T O R C X O R G I Y O R C )  T O  I N I T I A L I Z E ' X J Y  O R I G I N  

C * *  U R I T T E N  F O R  THE PLASNA S C O P E  

CALL GRAF( 0 ) 

I F G  = 0 
CALL S E T O R (  0 .  J 0 .  ) 

C * *  CALL  SETSC(XSCALJYSCAL) T O  S E T  SCALE FACTORS 
CALL S E T S C C  1 .  I 1 .  1 

C * *  CALL L I N E ( X , Y  J N X Y  , N O D E )  T O  PLOT P O I N T S  
C * *  X AND Y = THE X , Y  C O - O R D I N A T E S  
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c ** 
r, * *  
c * *  
71 

70 

1 0  
c * *  
c * *  

20 
c * *  

c * *  
5 2  

C 

c 

4 0  

30 

NXY = THE  NUHBER OF P O I N T S  TO  BE  PLOTTED 
MODE = 0 S P E C I F I E S  Q Y R I T E I  1 S P E C I F I E S  AN  ERQSE 
C A L L  POINTCX,Y,NXY,HODE) S A K E  A S  A B O V E  E X C E P T  P L O T S  A LINE 

XSHF =: - 6 4 .  
CALL L I H E ( X J Y 1 2 I O )  
D O  1 0  J = l r 6  
I = ( J - 1 ) * 2  + 1 
CALL L I N E ( X T I C ( I ) , X T I C 1 , 2 1 0 )  
CCILL C H ~ R ~ X N U H ~ I ~ ~ ~ ~ ~ . ~ ~ J I X N U ~ ~ ~ Z I O I O )  
COHTIHUE 
I F ( I F G . G T . 0 )  G O  T O  5 2  

Y L B  = Y { 1 )  - 8 .  
Y N f l  = Y ( 1  ) 
X L B  = X (  1 ) - 2 4 .  
D O  1 0  I = 1 1 1 0  
Y L B  = Y L B  + 2 4 .  
Y N H  = YHN + 2 4 .  
J = ( 1 - 1 ) * 2  + 1 
CFILL C H A R C X L B   r Y L B , O , Y L ~ B < I ) , 2 , 0 , 0 )  
C A L L   L I N E ~ Y T I C l , Y T I C < J ) , 2 , 0 )  

CALL L I H E ( X ( ~ ) , Y ( ~ ) ~ ~ J ~ )  

C O N T I N U E  
P R I N T  SCf4LF\R U I N O  LEGEND 

P R I N T   A L T I T U D E   L E G E N D  
C R L L  CHAR(175.,40.,0,1XLEG,l8,Q,Q) 

YAL = 360. 
D O  2 0  I ~ 1 1 8  
YAL = YAL - 2 4 .  
CALL C H A R C 8 .   , Y A L , O , Y B L T C I ) , 2 , 0 : O )  
C O N T I N U E  

P R I N T   H E Q D E R  
CQLL C H A R ( 1 0 0 . , 4 7 0 . , 0 , I H E ~ D , 4 0 . , 0 1 0 )  
CALL C H A R ( 2 0 0 . , 4 4 5 . , 0 1 I # F I T E , l 6 , 0 ~ ~ ~  

RESET O R I G I N  T O  P L O T   L I N E  
C O N T I N U E  
CALL SETOR( X S H F ,  - 1 2 8 .  > 
ChLL SETSC( 3 . 2 1 1 .  ) 
CALL SETSCC 1 .  J 1. ) 
CALL L I N E ( X X , Y Y , l O , O )  
LL  = 0 .  
D O  4 0  L=1,800 
L L  = LL  + . 3  
YYCL) = LL  
C O N T I N U E  
I K  = 1 

K K  = K * 8  

I K  = I K  +8  
C O N T I N U E  

D O  3 0  K = 1 , 1 0 0  

R E Q D ( 8 , * )   ( U S l ( 1 J  ) I  I J = I K , K K )  
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CALL  FILTR(US1 1 
N = O  
0 0  50 L = 1 1 7 9 7 1 4  
I F ( U S l ( L T . G T . 1 0 0 . )  G O  T O  5 0  
N = N + l  
Y S l < N )  = U S l ( L ) * 2 .  
Y Y ( N )  = Y Y ( L )  

C CALL P O I N T ( U S l ( L ) / Y Y ( L ) , 1 , 0 )  
5 0  CONTINUE 

CALL  L INE(USl rYY,N,O)  
NJ = ( I F G * 3 )  + 1 
R = Y Y ( N )  i 4 .  
CALL C H A R ( U S l ( H ) , R ~ 0 , I T I I 1 E ( N J ) , 6 , 0 , 0 )  

C I F ( I F C . E Q . 0 )  CRLL S E T O R ( - 1 2 4 . , - 1 1 0 . )  
C I F ( I F G . E Q . 1 )  CALL S E T O R ( - 1 8 4 . / - 9 2 . )  
C X ( 1 )  = X ( 1 )  + 6 0 .  
c X ( 2 )  = X ( 2 )  + 60. 
C Y ( 1 )  = Y ( 1 )  - 2 2 .  
C Y C 2 )  = Y ( 2 )  - 2 2 .  

I F I   I F C .  EQ. 0 )  CALL SETOR( - 6 0 .  I 2 2 .  ) 
I F ( I F C . E Q . 1 )  CALL  SETOR(-120. ,44 . )  
I F ( I F G . E Q . 2 )  CALL S E T 0 R ( - 1 8 0 . ~ 0 . )  
I F ( I F C . E Q . 3 )  CALL  SETOR(-240. ,22 . )  
I F C I F G . E Q . 4 )  C A L L   S E T Q R ( - 3 0 0 . / 4 4 . )  
I F ( f F G . G E . 5 )  G O  T O  5 1  
I F G  = I F G  + 1 I 

XSHF = XSHF - 60. 
eo T O  7 1  

51  CONTINUE 
C CALL L I N E ( Y S l , Y Y / 8 0 0 , 0 )  
C ** CALL , T O U C H  T O  S E E  I F  U S E R  D E S I R E S  T O  C O N T I N U E  O R  T E R H I N E I T E  

CFlLL NGRAF 
CALL GRAFCO 1 

3 4 5  CALL O R E A D (  J I M F l ,  2 ,  I L I N E )  
CCILL C H A R ( ~ . ~ , ~ ~ . J ~ I I L I N E ~ ~ ~ J O J ~ )  
CALL 1 N ~ 1 ~ J T Y P E ~ 0 . ~ 0 . ~ 0 ~ 0 ~ 0 ~ 0 ~ 3 1 ~ 0 ~ 3 1 ~ 1 X I I Y ~  
I X  = 1 x 1 2  
IY = I Y 1 2  
I F ( I X . L T . 1 4 ) C O  T O  1 
CALL C H A R ( ~ . , ~ ~ . I O I I E R S I ~ ~ , O , O )  
CCILL OREAD(J IHF1 ,3 , IL INE)  
CALL C H A R I 8 . , 1 6 . 1 0 J I L I N E / 6 4 , 0 , 0 )  
CALL I N ( 1 ~ J T Y P E ~ 0 . ~ 0 . ~ 0 ~ O ~ O ~ 0 ~ 3 l ~ O ~ 3 l ~ I X ~ I Y )  
I X  = I X / 2  
IY = I Y 1 2  
I F ( I X . L T . 8 )  G O  T O  344 
R E U I N O  8 
CALL NGRAF 

CALL CRAFCO ) 
CALL  EXEC(9,JUSPL) 
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i .  GO T O  345 

3 4 4  C A L L '   C L E A R  
C A L L   H C R A F .  

C + * ' R E Y I H D  T A P E  
. . .  .: REY1H.D - 8 

c *1: .tau NCRAF T O  RE-ESTABLISH PLAS'HA S C O P E  F O R  T O U C H  M O D E  

, STOP 
E N D  
S U B R O U T I N E   F I L T R ( Y S 1 )  
D I H E N S I O N   Y S 1 C  1) 
DO 1000 I C 1 = 1 , 7 9 8  
I C 2  = I C 1  + 1 
I C 3 ' =  I C 1  + 2 
I F ( Y S l ( I C 1 )  . C E .  1OO.O)GO T.0 1 0 0 0  
D I F l  = Y S l ( I C 1 )  - U S I C I C S )  
O I F 2  = Y S l C I C l )  - U S l ( I C 3 )  

I F ( A B S ( D f F l ) . C T . l . O   . A N D .  A B S C D I F 3 ) . G T . l . O ) U S l < I C 2 )  = U S l ( I C 1 )  
I F ( ( A B S ( D I F l ) . G T . l . O )   . A N D .   ( A B S ( D I F 2 ) . C T . l . O )   . Q N D .  

D I F 3  = Y S l (   I , C 2 )  - U S 1 (  I C 3 1  

. ( ( ( D I F 1 . G T . O . O )   . A N D .   ( D I F 3 . L T . O . O ) )  . O R .  
( ( D I F 1 . L T . Q . Q )   . A N D .  (DIFJ.GT.O.O))))YSl(IC2) = b l S l ( I C 1 )  

1000 C O N T I N U E  
R E T U R N  

C E N D  
C S U B R O U T I N E   C L E A R  
C I N T E G E R   R S F F  
C D A T A   R S F F t ' 0 1 7 0 1 4 B t '  

C R E T U R N  
C C A L L ' E X E C ( 2 , 1 0 7 B , R S F F , - 2 )  

E N D  
S U B R O U T I N E   D R E A D ( N A # E F , L N U N , I L I N E )  
D I M E N S I O N   H A H E F ( 3 ) , I D C B ( 2 7 6 ) ,   I B U F ( 4 0 ) , I L I N E ( 3 2 )  
C A L L  O P E N ( I D C B I I E R R I N A # E . F , I O )  
L O O P  = L N u n  - 1 

C Q L L  R E A D F C  IDCB, IERR, IBUF) 

DO 1 0  I = l , L O O P  
CALL B L A N K (   I B U F ,  4 0 )  

10 C O N T I N U E  
C A L L   B L A N K (   I B U F I   4 0 )  
CALL R E A D F (   I D C B ,   I E R R ,   I B U F )  
C A L L   C O D E  
R E A D ( I B U F , l O O )  ( I L I N E (   1 ) 1 1 = 1 , 3 2 )  

100  F O R M A T (  32A2 1 

R E T U R N  
E N D  

D I M E N S I O N   I B U F ( 4 0 )  
D A T Q   I B L K t ' 2 H  t' 

C A L L   C L O S E (   I D C B ,  I E R R )  

S U B R O U T I N E  B L A N K (  I B U F ,  I 1  ) 

D o  1 0  I=l DII 
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i , 

10 IBUFCI 1 = I B L K  
R E T U R H  
END 
END% 

. . ., . .; ._ 
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Program SKEW T (Version I) 
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F T N 4  
P R O C R A U   S K E U T  
D I M E N S I O N  1 A L T ~ 3 1 ~ 3 ~ ~ I D I R ~ 3 1 ~ 3 ~ ~ S P E E D ~ 3 1 ~ 3 ~ ~ T E H P ~ 3 1 ~ 3 ~ ~ P R E S S ~ 3 1 ~ 3 ~  
D T H E N S I O N   S U R D E N ( C I , V ( 3 1  ),ISUR(2O),DPTEnP(31,3),PTEnP(31,3) 
D I H E N S I O N  B ( 3 O ) , A ( 2 3 ) ~ C ( 2 3 ~ ~ 8 ( 2 3 ) ~ E ~ 1 S ) r F ( 4 r 4 ) ~ C ( 4 r 4 ) , K ( 2 3 )  
D I H E N S I O N  Y ( 3 1 , 5 ) , X ( 4 0 , 5 ) r L H E L D ~ 4 0 , ~ 0 ) , A L T ( 3 1 , 3 )  

I: C d L L   D A T E  
P 9 = 3 . 1 4 1 5 9  
I l - Q  
I S U R (  1 ) = O  
I SUR(  2 ) = O  
I S M R ( 3 ) = 0  
I S U R (  4 ) = O  
I S U R ( 5  ) = O  
I SUR( 6 ) = O  
I S U R (  7 ) = O  
I S U R (  8 ) = O  
I S Y R ( 9  ) = O  
I S U R (  10  ) = 0  
ISURC 11 ) = O  
I S U R (  1 2  ) = O  
I S U R (  1 5  ) = I  

I F  ( I S U R ( 1 )  . E B .  0 )  I U N I T = l  

N = l  
I F  t I S W R ( 8 )   . E Q .  1)  G O  T O  1 4 0  
V R I T E  ( 6 , 9 0 1 0 )  

61  I U N I   T = 5  

88  A (  1 )=Q 

C : D E F I N I T I O N  O F  T E R H S :  
C T E H P (  I A L T , N ~ - - f E M P E R A T U R E ; P R E S S ( I A L T , N ) ” P R E S S U R E ;  D P T E t t P (   I A L T , N ) - - H U f l I D I T Y  
C 
C * * L O A D   . D A T . h * *  

I T I t l E S = 5  
CALL I O H E D C L H E A D ,   I T I H E S )  

C R E A D  ( 8 > * )  N 
R E A D . ( 8 , 9 8 6 0 )  L T I H t L D A Y , L M O N , L t l , L Y E R R  
I T I H E S = l J  
C A L L   I O H E D { L H E A D ,   I T I H E S )  

C 
W R I T E  ( 6 , 9 0 1 5 )  
R E A D  < 1 , 9 8 5 0  > I F N O  
C R L L   P T Q P E  ( 8 ,  I F N O ,  0 )  

C 
T 2 = 9 9 9 9  
I T I M E S = 3  
C A L L   I O H E D ( L H E A D 8   I T I H E S )  

8 0 0 0  R E A D  (8,9865) I S T I M J I S D R Y ,   I S M O H , I S H , I S Y E I R  
I F ( I S D A Y . E Q . 0 )  G O  T O  8 0 6 0  
Y R I T E ( 1 2 )  - 1 ~ 1 ~ 1 0 0 0 , 9 0 0 O  
Y R I T E ~ 1 2 ~ 8 0 4 0 ~ 1 7 5 ~ Q ~ O ~ 2 Q Q ~ I S T I ~ ~ I S D ~ Y ~ I S t l O N ~ I S H ~ I S ~ E A R  
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8040 F O R M A f ~ 4 1 5 , 2 0 H R A U I N S O N D E  S O U N D I N G : , ~ ~ , ~ H Z , ~ X ~ I ~ J ~ X ~ ~ A ~ J I ~ ~  
I T I t l E S = P  
CALL I O H E D (   L H E A D ,   I T   I H E S  1 
R E A D  ( 8 , 9 8 7 0 )  I A L T ( ~ ~ N ~ J I D I R ( ~ ~ N ) ~ S P E E D ~ ~ ~ N ~ ~ T E M P ~ ~ J ~ ~ ~  

~ D P T E ~ P ( ~ , N ) J P R E S S ( I , H ) , S U R D E N ( N )  
DO 1 2 0  I = 2 1 3 0  

115 R E A D  ( 8 1 9 8 7 5 )  I L L T I  I , N ~ J I D I R ( I , N ) ~ S P E E D ( I ~ N ) ~ T E H P ( I J N ~ J  
l D P T E M P ( I , N ) , P R E S S I I I H )  

CALL E X E C (  1 3  18 J I E a T  
I E O T = I A N D C I E Q T J ~ O ~ B )  
I F   ( I E Q T  . C T .  0 )  G O  T O  1 4 6  
I F  ( I A L T (   I r N )   . L T .  1 0 )  G O  TO 1 1 5  
I F  ( I R L T C   I , N )   . G T .  10000) G O  TO 115 
J A R A Y = I  

120 C O N T I N U E  
C 
C 
1 4 0  I F  ( I U N I T   . E Q .  2 . O R .  I U N I T   . E D .  3 )  U R I T E ( 6 , 4 0 2 0 )  
4 0 2 0   F O R M A T   ( " N E E D   J U H P " )  
c : N"- D A T k  S E T  N U H B E R ;  L ~ ~ O H , L D Q Y , L Y E ~ R J L T I M " - L B U N C H  D Q T E / T I # E  
c :  
C : I S T I H - - S O U N D I N G  T I M E ;  T P - - P R E D I C T I O W   T I M E  
C C O N V E R T I N G   S O U N D I N G   T I N E   F R O M   Z U L U  T O  E D T  - AH I P N  

I S T I M = I S T I H - 4 0 0  \ 

I F   ( I S T I M   . C T .  0 )  G O  T O  2 5 0  
I S T I M = 2 4 0 0 - A B S ( I S T I ~ )  
I S D A Y Z I S D A Y - 1  

I F   ( I S T I H   . G E .  1 2 0 0  . A N D .  I S T I l l   . L T . 1 3 0 0 )  G O  T O  270 
G O  T O  284 

250 I F  ( I S T I H   . G E .  1 3 0 0 )  G O  TO 2 6 0  

2 6 0  I S T I N = I S T I t l - 1 2 0 0  
270 C O N T I N U E  
280 C O N T I N U E  
C : SURDEN(  N > = S U R F A C E  D E N S 1  TY 
C 
C CONVERT D A T A  T O   M E T R I C ,   S O R T   D A T A  B Y  I A L T J  CAL P O T  T E M P = P T E M P (   I R L T / N )  

C !  . . . . . . . . .  E N G L I S H  TO H E T R I C  . . . . . . . . . . . . . . .  
D O  5 9 0  I = l J J A R A Y  

A L T ( I , N > = I A L T ( I , N )  
R L T C  I N )= . 3 0 4 8 * R L T C  I, N ) 
S P E E D (   I , N ) = . 5 1 5 + S P E E D <   I , N )  

c :  . . . . . . . . . .  SORT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5 0 9  L = I  
5 1 0  I F  ( L  . E Q .  1 ) G O  TO 599 

I F   ( A B S ( A L T ( L J N ) )  . G T .  A L T ( L - l , N ) )  G O  TO 5 9 0  
R L T (  3 1  J N ) = A L T (  L - 1  , N )  
I D I R ( 3 1 ~ N ~ = I D I R ( L - l , N )  
SPEED(31tN)=SPEED(L-l,H) 
TEMP(  3 i I N   ) = T E l l P (  L - 1 ,  H 
P R E S S ( J l , N ) = P R E S S ( L - i , H )  
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. .  

D P T E H P ( 3 1 , H ) = D P T E H P ( L - l r N )  
R L T ( L - l , N ) = I L l ( L , H ) ,  
I D I R ( L - l , N ) = I D I R ( L , H )  
SPEED(  L -1  a M  )=SPEED(  L, N ) 
f E f l P ( L - I , N ) = T E n P C L , H )  
P R E S S (  L-1 ,N )=PRESS(  L, N )  
O P T E n P ( L - l , N ) = D P l E H P ( L , N )  
A L T ( L , N ) = A C T ( J l , N )  
I D I R ( L a N ) = I D I R < 3 l r N )  
SPEED(  L > N )=SPEED( 3 1 ,  H ) 
TEMP( L I N ) = T E H P (  3 1 ,  N ) 
PRESS(  L s N ) = P R E S S (  3 1 ,  N 
D P T E H P ( L , N ) = D P T E H P ( 3 l , N )  
L=L-  1 

5 7 0  C D T D  5 1 0  
5 9 0  C O N T I N U E  
C . . . . . . . .  C R L C U L A T E   P O T E N T I A L   T E H P E R R T U R E   ( D E C  K )  P T E H P < A L T r N )  . . . . .  

D O  €40 I = I , J A R B Y  
C ALT(  1, N ) = A B S ( F I L T (  I, N ) )  

6 9 0  CONT  ZNUE 
C . . . . . . . . .  P R I N T   H E T E O R O L O C I C f i L   D B T A  . . . . . . . . . . . . . . . . . . .  
7 2 5  J = J 9  
C I F  ( I S W R ( 1 2 )  . E Q .  0 )  U R I T E  1 6 r * )  ' C T R  PR. IHT '  
c I F  C ISURC 1 2 )  .EB. 0 )  WAIT C 1 5 0 0 0 )  

P T E # P ~ I ~ N ~ ~ Z T E ~ P ~ I ~ N ~ + 2 7 3 . 1 5 ) * ( 1 1 0 0 0 / P R E S S ~ I ~ N ~ ~ ~ * . 2 8 8 ~  

Y R  I T €  ( 61 9 2 2 0  1 
U R I T E   ( 6 1 9 1 4 0 )  
W R I T E   ( 6 , 9 1 4 0 )  
U R I T E  ( 6 ,  9 1 4 0 )  
I F  < I S U R ( l S )   . E Q .  0 )  Y R I T E   ( 6 , 9 2 3 0 )  
I F  ( I S b l R ( 1 5 )  .EQ. 1 )  U R I T E  ( 6 , 9 2 4 0 )  
U R I T E  ( 6 , 4 2 5 0 )  L T I t l ,  LDCIYI LHOH, LH, , L Y E I R  
W R I T E   ( 6 , 9 1 4 0 )  
U R I T E  ( 6 , 9 2 6 0 1  I S T I H ,  ISOIIY, I S H O N ,  ISH,  I S Y E B R  
U R I l E  ( 6 , 9 2 7 0 )  1 2  
E (  6)=. 66355 
Y R I T E  ( 6 , 9 2 8 0 )  N, S U R D E H ( N )  
Y R I T E  ( 6 1  9 1 4 0 )  
U R I T E  ( 6 , 9 2 9 0 )  
Y R I T E  (6,9300) 
D O  8 5 0  I - l r J A R A Y  
S P E E D ( I , N ) = I N T ( S P E E D ( I ~ N ) * l O ) t ' l O  
I A L T F = A L T ( I > N ) / . 3 0 4 8 + . 5  
I R L T ( I I N ) = A L T ( I , H ) + . S  
A P T E H P = P T E M P ~ I , N ) - 2 ? 3 . 1 5  
U R I T E  ( 6 , 9 3 1 0 )  I, I B L T F ,   I A L l < I , N ) ,   I D I R t I , N ) ,   S P E E D ( I , N ) ,  T E t t P ( 1 ,  

1 N  ) ,  I P T E H P ,   D P T E H P C  1 ,  N 1 I PRESS(  1; H ) 
8 5 0  C O N T I N U E  
C 
C . . . . .  P L O T  SKEW T , LOG P D I R G R I H  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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c . .  .. 
C 

90 0 

9031 

92 5 

9032  
95 0 

9636 

9020  
97 5 

902 1 

9010  
9015  
91  40 
91   90  
9220  

. S E T  A T t - 1  F ' n l O S O H B )  L ( * 8 2 . 3 . F 1 5 0 0 H B )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
IPEW" 1 
.DO 900 1=lr3O 
IF<PRESS<I ,H) .L f ,S4S) .  GO T O  9.00 
1 X ~ 1 4 2 . 8 + ~ 1 E H P < I ~ ~ ~ + 2 7 3 . 1 ~ ~ ~ 1 0 8 3 1 . * ~ ~ ~ ~ ~ 4 P R ~ S S ~ 1 ~ N ~ ~ ~ 3 6 ~ 8 .  
I 'Y=-34623 .*ALOCT4 PRESS< I r N )  )+104603. 
Y R I T E < l 2 )   I P E N J ~ J I X J I Y  
LPEH-1 
CONTINUE 
YRITE4 1 2 )  - 1  r - l r  100 , -150  
U R I T E  < 1 2 ~ 9 0 3 1 )  1 0 0 1 0 1 0 ~  125 
FORHlT<4IS,7HRHBIENT) 
PhUSE 
I PEN=- 1 
D O  925  1 x 1 ~ 3 0  
I F ( P R E S S ( I > N ) . L T . 5 4 5 )  G O  T O  925 
I X = I ~ ~ . ~ * ( D P T E M P ( I J N ) ~ ~ ~ ~ . ~ ~ ) - ~ ~ ~ ~ ~ . * ~ L O G T ( P R E ~ S ( I J N ) ) - ~ ~ ~ ~ .  
IY=-34623.*ALOCT(PRESS(I,N))+lO4603. 
Y R I T E <  1 2 )  I P E N J ~ J  I X I I Y  
I P E H = l  
CONTINUE 
YRITE  412,9032)   100,0,0,125 ' 

FORHaT4 415,  9HDEU POIWT ) 
U R I T E 4  1 2 )  -1  ,1,9999  19999 
D E L P n I  0 0 0  
D O  975 I = l r J O  
I F ( P R E S S ( I , N ) . L T . 5 4 5 )  GO T O  975 
IF (PRESS( IJN) .NE.DELP)  G O  T O  975 
D E L P z D E L P - 3 0  
1 2 = 3 . 2 8 0 8 4 * I R L T < 1 1 H )  
1 Y ~ - 3 4 6 2 3 . * A L O G T ~ P R E S S ~ 1 ~ N ~ ~ ~ 1 0 ~ 6 0 3 .  
W R I T C <  I L > - X J  ~ J Z V V ~ I ~  
g s l T E (  i ~ ; ; $ ~ r j )  i 5 , ' J I 0 .  i 6 0 , I I  
FORHATC 413,  I ~ J  3'11 FT 
' J R I T E t  123 -1  J 1J850, IY  
Y R L T E < i P )  l ~ i ~ 9 4 O ~ I V  
Y R I T E t  l2>-1 J l r 8 7 5 1 I Y  
Y R I T E ( 1 2 ~ 9 0 2 0 )   7 5 ~ 0 ~ 0 , 1 0 0 , 1 R L T ( I ~ N )  
FORHAT( 415, I ~ J  7H H E T E R S )  
C O N 1  I N U E  
Y R I T E (  1 2 )  - 1 ,  1 ~ 2 5 0 ~ 8 5 0 0  
Y R I T E ( 1 2 ~ 9 0 2 1 )   1 0 0 ~ 0 ~ 6 ~ 1 2 5  
F O R H A T (  41 5 1  8HALT I TUDE 1 
YRITE4  12)  - 1 8 1  ~ 9 9 9 9 , 9 9 9 9  
FORHAT ( ' D I T A  N U H B E R ~ ~ J ' ~ ' J " & '  ) 
F O R M A T  ( ' fLd6ENTER  FILE N U N B E R  I N  2 D I G I T  I FORHAT8Ehd@') 
FORHAT ( 7 0 X )  

F O R H A T  ~ i 1 t t t t t t t + t t t t t + t t t t t t t t t t t t t t + t t t t t t t t t t + t t + t t t t t t t t t t t t u ~  

FORHAT. ( ~ = = = = = = = = = = - - - = = " - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - U  "- """""""""-T""""""""- 1 



9230 F O R H A T  ( 7 X , * S P A C E   S H U ' T T L E   L l U N C H   F R O H   K S C ' )  
9 2 4 0   F O R H A T  ( " T I T A N  IIIC L P U N C H  FROH K S C ' )  
9 2 5 0  FORHhT ( " E b d C L a u n c h  t i n e : ' ,   I B , S X , " D o t e :  ', 1 2 , i X J 2 A 2 r 1 X I  1 4 )  
9 2 6 0  F O R H A T  C '  T I H E  O F  S O U N D I N G :  ' r I 8 ~ 4 X , I 2 , 1 X r 2 A 2 , 1 X r 1 4 )  
9 2 7 0  F U R H A T  C *  T I H E   O F   P R E D I C T I O N :   ' J I 4 )  
9 2 8 9  F O R H A T  ( " D 1 T A   S E T :   ' ~ I ~ I ~ ~ X , " S U R F R C E   D E N S I T Y t G # / H * * J ) " , F 8 . 2 )  
9 2 9 0  F U R W P T   i " E h d B L A Y E R   A L T I T U D E   D I R E C T I O N   S P E E D   T E H P   P O T - T E H P  

9 3 0 0   F O R H A T   ( " E b d N  No. ( F E E T )   ( M E T E R S )   ( D E C R E E S )  (tl S E C )   ( D E G R E E   C E N T I G  
I t L d B  D P T E H P   P R E S S U R E ' )  

l E & d N R R D E >  < H I L L I B B R S > "  > 
9 3 1 0  F O R H A T  t ~ 2 , I 7 , 2 X ~ i 5 ~ ? X , 1 3 , 4 x ~ . F 4 . 1 ~ 4 X ~ F 4 . 1 ~ 2 X ~ F S . 2 ~ 2 ~ ~ F 4 . 1 r  

1 2 X r F 7 . 2 )  
9 8 5 0  F O R H A T  ( 1 2 )  
9 8 6 0   F O R H A T  ( 2 6 X r I 4 ~ 6 X , 1 2 , l X ~ 2 L 2 ~ 1 4 )  
9865 F O R H A T  ( I 4 , 3 X >  1 2 ,  l X r 2 A 2 r I 4 )  
9 8 7 0  F U R R A T  
9 8 7 5   F O H H H T  ~ l 6 ~ l X ~ 2 F 4 . 1 ~ F 6 . 1 ~ F 6 . 1 ~ F 7 . 2 )  

R E U I N D  8 
9 9 9 9  E N D  

S U B R O U T I N E   I O H E D ( L H E A D , I T I # E S )  
D I HENS I ON L H E A D (   4 0 , 8 0  ) 

D O  1 1 6  I = l r  I T I M E S  
R E B D  ( 8 1 9 8 5 5  > t L H E A D (  1 ,  J > I  J = l  r 4 0  > 
Y R I T E  ( 6 , 9 8 5 5 )  < L H E A D ( I ~ J ) J J = ~ ~ ~ ~ )  

1 1 0  C O N T I H U E  
9 8 5 5  FORMAT ( 4 0 A 2 )  

R E T U R W  
E N #  
E N D $  
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Program SKEW T ( V e r s i o n  11) 
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FTW4 

C 
C 
c 
C 
C 

C 

11 

16 

20 

15 

16 
C * *  I N I T I A L I Z E   D b T E S  ** 

L T I H  = 1 5 0 0  
LDCIY = 2 9  
LHON = 2HOC 
L H  = 2HT 
L Y E A R  = 1 9 7 5  
I F < I R E Q D . E Q . Q )  CclLL O P E N < I D C B B I E R R B N C l H E J 0 )  

C CClLL DCITE 
P 9 a 3 . 1 4 1 5 9  
t l = Q  
I S W R C  1 ) P O  
I SURC 2 ) = O  
I S Y R C  3 ) = O  
I SUR( 4 ) = O  
I S U R (  5 ) = O  
I SUR< 6 ) = O  
I S U R ( 7  ) = 0  
I SUR( 8 ) = O  
I S U R < S > = S  
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I S Y R (  1 0  ) = 0  
. .  I S Y R <  11 ) = O  . .  

. 'I S:UR( 1 2 ) = 0  ' .  ' } 
. . %  

. .  
. . .  

" 

. .  . . .  . . .  . . .  . . . .  . , , . ' .  f S Y R ~ C l S ) = l  . . . . . .  . i .  

IF ( ISUR<I)  . E Q . ' " o )  IU.N.I,T=~ 

, . ,  , .  . .  . .  

61 I IU'NI:T~S " " 
i .  ' . , ! . , ' . '  ' - . . .  

: .! .i I- , . , .. , . . .  
88 a <  1 ) = o  , ,  , . .  I ,  

I F   ( I S U R ( 8 )   . E Q .  1) G O  -TO 1 4 0 " ' , "  . ' ' .  ' 

, .  
' . 1  . . .  

I F (   I F H T   . E Q . l  > U R I T E ( 6 , 9 O ' i ' d ! j  '. . .  
! 

\ l  ;. 6 : . . .  . .  . .  I 

C ' D E F I N I T I O N  OF  TERHS: 
C T E H P (   I A L T ,  N ) - -TEHPERATURE;PRESS(   I ' qLT , t i   > ' - -PRESSURE;   'DPTEBP(  I b L T ,  H ) - - H U H I D I  
C 
C * *  LOAD  DATA  FROH  TAPE e * * . '  ' . . ' ' _  ' 

, : , : '  ' . , . . , , .  . ,  

. . .  '. . 
1. 
. . .  ,: ; - , . . s  , . . .  

I F ( I R E A D . E Q . 0 )  G O  T O  1 2 1  
I T I H E S = 5  

. .  

I 
. I  

CALL I OHED(  LHEAD, I T  I R E S )  

READ 8 J 9 8 6 b )  iTi n ' ~  L D k 3 ; L H d N ,  LH; L y E h R  

. .  

C READ ( 8 , * )  N 

I T I H E S = 1 9  
CALL I O H E D ( L H E A D J   I T I H E S )  

C 
U R I T E   ( 6 , 9 0 1 5 )  
R E A D   ( 1 , 9 8 5 0  ) .  I F N O  
CALL P T A P E   ( 8 ,   I F N O ,  0 )  

. . .  I 3 .., ' ,  
I .2 . .  . ) ,  I , 

C ,, , L ,  . 
SI . . : .  i 

T 2 = 9 9 9 9  
I T I H E S = 3  

, .  

CALL I OHED(  LHEAD I I T  I H E S )  
8000  R E A D  ( ' B J 9 . 8 6 5 )  I ' S T ' I n , I s D . a y J  ISW'ON, I S H ,  I S Y E l l R  

I F ( I S D A Y . E Q . 0 )  G'O T O ' 8 ' 6 0 0 . ~ .  
U R I T E ( 1 2 1  - 1 , 1 ~ 1 0 0 0 , 9 7 5 0  
U R I T E ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ J ~ ~ ~ ~ I S T ~ H ~ ~ S D A Y ~ ~ S ~ ~ N ~ ~ ~ S H ~ ~ S ~ E A R  

8040 F O R H A T ( 4 1 5 , 2 O H R k U I H S O N D E  S O U N D I N C : ~ I S , 1 H Z ~ 2 X , I 2 ~ I X ~ , 2 A 2 ~ I 4 )  
I T  I H E S = 2  
C A L L   I O H E D ( L H E A D ,   I T I H E S )  
R E A D   ( 8 , 9 8 7 0 )  I A L T ( ~ ~ N ) J I D I R ( ~ , N ) , S P E E D ( ~ , N > ~ T E H P < ~ ~ , N ) ,  

~ D P T E M P ( ~ , N ) J P R E S S ~ I ~ H ) ~ S U R ~ E N ~ H ~  ., . 
D O .   1 2 0  I = ~ J  3 0  ' " 

, .  . .  
. ,  

. . . .  

11s REUD ( e J 9 8 7 5 )  I A L T ~  I I N ) , I D I R ~ I , H ) J S P E E D ( X , ~ ) , T E ~ P ~ I , N ) ,  
1 D P T E M P l  I, H 1 ,  PRESS(  1 ,  H 1 

CALL E x E C ( 1 3 , 8 r I E Q T )  
I E Q T = I A N D [ I E Q T , 2 0 0 B )  
I F   ( I E Q T   . C T .  0 )  G O  T O  1 4 0  
I F   ( I A L T ( 1 , N )  . L T .  1 0 )  G O  T O  115 
I F   ( I A L T ( I J N )  . C T .  1 0 0 0 0 )  G O  T O  1 1 5  
J A R A Y = I  

I F ( I R E A D . E Q . 1 )  G O  T O  1 4 0  
1 2 0   C O N T I N U E  

C * * L O A D  D A T A  FROH D I S C  * * *  
C 
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1 2 1  C A L L   R E A D F C   I D C B I   I E R R I   I B U F )  
C Q L L   C O D E  

T 2  = 9 9 9 9  

C A L L   C O G E  

R E & D (  I B U F ,  3 0 1  > 
C A L L  R E A D F (  I e c B ,  I E R R ,  I.BUF) 

R E A D ( I B U F , 3 0 2 )   S U R D E N ( N 1  
I d R I T E ( l 2 )  - 1 ~ 1 ~ 1 0 0 0 , 9 7 5 0  
U R I T E (  1 2 , 8 0 4 0 )  1 7 5 , 0 , 0 , 2 0 0 ,  I S T I l l , I S D f ? Y ,  I S H O H a I S H ,  I S Y E Q R  
D O  1 2 2  I = i , N N  

1 2 3  C A L L   R E A L Z F l  I D C B ,  I E R R ,  I B U F )  
C A L L  C O D E  
R E A D i I B U F , 3 0 3 )  I k L T i I ~ N ~ , I D I R ~ I , N ~ , ~ F E E D i I , H ) ,  

i P R E S S (  I ,El ), D P T E t i P (  1, t 4 )  
I F ( I A L T ( I , N ) . L T . i )  G O  T O  1 2 3  , 

I F ~ I A L T ( I , N ) . G T . i 0 0 0 0 )  G O  T O  1 2 3  
T = 1 0 0 0 . / ( T E M P (  I , N )  + 2 7 3 . 1 5 )  
E l  = ( D P T E n P ( I , H ) / 1 0 0 . ) * 1 ~ . * * ~ C  - D * T  - E * T * T )  
C I  = A L C ) G T ( E i  1 - C 
D T  = (SG!RT(D*D - 4 * E * C i )  - D ) / ( Z * E )  
D T  = ( 1 0 0 0 . / D T )  - 2 7 3 . 1 5  

J A R A Y  = I 
D P T E t l P ( 1 , N )  = D T  

1 2 2  C O N T I N U E  
c 
1 4 0  I F  ( I U N I T  . E Q .  2 . O R .   I U N I T  . E Q .  3 )  M R I T E ( 6 , 4 0 2 0 )  
4 0 2 0  F O R M A T   ( " H E E D   J U M P " )  

c :  
C : I S T I N - - S O U N D I N G   T I H E ;   T 2 " P R E D I C T I O N   T I R E  
C C O H V E R T I N G  S O U N D Z N C  T I M E  FROM Z U L U  T O  E D T  - A l l  Pfl 

C : N - - -  D A T A  S E T  N U M B E R ;  L N O N , L D A Y , L Y E Q R , L T I M - - - L A U N C H  D ~ T E / T I H E  

I S T I P l = I S T I M - 4 0 0  
I F ( I F H T . E O . 0 )   I S T I M  = I S T I P I - 2 0 0  
I F  < I S T I M   . C T .  0 )  G O  T O  2 5 0  
I S T I ~ = 2 4 0 0 - A B S C I S T I N )  
I S D B Y = I S D A Y - 1  

I F  ( I S T I #   . G E .  1 2 0 0  . A N D .   I S T I #   . L T . 1 3 0 0 )  G O  T O  2 7 0  
G O  T O  2 8 0  

2 5 0  I F  ( I S T I M   . G E .  1 3 0 0 )  GO TO 2 6 0  

2 6 0  I S T I l 4 = I S T I # - 1 2 0 0  
2 7 0  C O N T I N U E  
280 C O H T I N U E  
C : S U R D E N ( H ) = S U R F A C E   D E N S I T Y  
C 
C C O N V E R T   D L T A   T O   H E T R I C ,   S O R ' T   D A T A  B Y  I A L T ,   C A L   P O T   T E H P = P T E M P ( I R L T , N )  

c :  . . . . . . . . .  E N G L I S H   T O   M E T R I C  . . . . . . . . . . . . . . .  
D O  5 9 0  I = l , J A R A Y  

A L T (  1, N )= I h L T (  I ,  N > 
I F ( I F t l T . E Q . 0 )  GO TO 5 0 9  
A L T (  11 N )= . 3 0 4 8 * A L T (  1 I N  > 
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.- " 

s .  

SPEED(  I ,N )=. 5 1 5 * S P E E D (  11 N )  
c :  . . . . . . . . . . .  SORT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5 0 9  
51 0 

5 7  0 
5 9  0 
c 

c 

69  0 
C 
7 2  5 
C 
C 

7 2  7 

7 2  8 

, .  . 

. . .  

L = I  
I F  ( L  . E Q .  1 )  GO TO 5 9 0  
I F  ( R B S ( A L T ( L , N ) )   . C T .   h L T ( L " 1 , N ) )  G O  TO 5 9 0  
A L T ( 3 1 r N ) = A L T ( L - l , W )  
I D I R ( 3 1 , N ) ~ I D I R ( L - l , W )  
SPEED(3lrN)=SPEED(L-l,N) 
T E n P ( 3 1 , N , z T E H P ( L - l , N >  
P R E S S ( 3 l r N ) + P R E S S € L - I r N )  
D P T E n P ( 3 i r H ) r D P f E H P < L - . l , N )  
A L T ( L - l , W ) = A L T < L , N )  
I D I R C L - l r N ) n I D I R ( L , N )  
SPEED(  L - 1  ,N )=SPEED(  LI N )  
T E n P ( t - l , N ) = T E H P ( L , N )  
PRESS(  L-1 S M  )=PRESS(  L ,  N )  
D P T E t l P ( L - l , N ) = D P T E H P ( L , N )  
L L T ( L , N ) = A L f ( J l , N )  
I D I R ~ t ~ N ) = I D I R ( 3 l ~ N )  
SPEED(  L a N  )=SPEED(  3 1  I N )  
T E H P C L , N ) = T E l l P ( 3 1 , M )  
PRESS< L ,  N )=PRESS(  31 N 1 
DPTEMP< L, N)=DPTEHP(  3 1  , N )  
L - L -  1 
GOT0 5 1 0  
C O N T I H U E  
: . . . . .CALCULATE  POTENTICIL   TEHPERLTURE  (DEC K )  P T E H P ( A L T , H )  . . . .  
D O  6 9 0  I = l , J C I R A Y  
f r L T (  I > N ) = R B S < A L T <  I J N )  ) 
P T E M P ~ I ~ N ~ ~ ~ T E P 1 P < I ~ N ~ + P 7 3 . 1 5 ~ * ~ ~ 1 0 ~ 0 / P R E S S ~ I ~ N ~ > * * . 2 8 8 >  
C O N T I N U E  
. . . . . .  PRINT  I lETEOROLOGSCbL  D f iT  fi . . . . . . . . . . . . . . . . . . .  
J = J 9  
I F  C I S U R ( 1 2 )  .Ea. 0 )  U R I T E  C 6 . , * )  ' C f R  P R I H T "  
I F  (ISWR(12) . E Q .  0 )  Y A I T  ( 1 5 0 0 0 )  
I F ( I f H T . E Q . 0 )  G O  TO 7 2 7  
U R I T E  . ( 6 , 9 2 2 0 )  
U R I T E  ( 6 , 9 1 4 0 )  
U R I T E  i L , 9 1 4 4 )  
U R I T E  ( 6 , 9 1 4 0 )  
I F   ( I S U R ( 1 5 )   . E Q .  0 )  Y R I T E  ( 6 1 9 2 3 0 )  
I F   ( I S Y R ( 1 5 )  . E Q .  1 )  V R I T E  ( 6 , 9 2 4 0 )  
1 F C I F R T . E Q . Q )   M R I T E ( ' 6 , 9 3 3 3 )  
I F ( I F H T . E Q . 0 )   U R I T E ( 6 a 9 3 3 4 )  
I F C i F K T . E Q . 0 )   U R I T E ( 6 1 9 3 3 5 )   L T I H J L D A Y , L n O N , L n , L Y E A R  
I F ( I F H T . E Q . 0 )  G O  TO 7 2 8  
U R I T E  ( 6 , 9 2 5 0 )  L T I t t ,  L:DCIY, L H O N ,  LH,   LYERR 
U R I T E  ( 6 , 9 1 4 0 )  
Y R I T E  ( 6 , 9 2 6 0 )  I S T I H I  I S D A Y ,  ISMON, I S H ,  I S Y E A R  
UR1T.E C 4 , 9 2 . 7 0 )  f 2  
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E (  6 ) = .  6 6 3 5 5  
U R I T E  ( 6 , 9 2 8 0 )  H I  S U R D E N ( N )  
U R I T E   ( 6 ~ 9 1 4 0 )  
YRITE ( 6 , 9 2 9 0 )  
URITE ( 6 , 9 3 0 0  1 
D O  8 5 0   I = l , J A R A Y  
SPEED(IJN)=INT(SPEED(I,N)*lO)llO 
I A L T F = A L f ( I , N ) / . 3 0 4 8 + . 5  
I A L T ( I J N ) = F I L T ( I J N ) + . ~  
APTEllP=PTEHP( I I H  ) - 2 7 3 . 1 5  
Y R I T E  ( B J S J i 0 )  IJ I A L T F ,   I A L T ( I J N ) I  I D I R ( I , N ) ,  S P E E D ( I , N ) ,  TEHP(1, 

i N ) I  APTEnF,DPTEnP(I,N),PR€SS(I,N~ 
8 5 0  CONTINUE 
C 
C . . . . .  PLOT S K E Y  T LOG P D I A C R P  PI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C * *  COHPUTE IY U S I N G  Y l l V 2 1 V 3  F O R  LOGRITHHIC PLOT C O N V E R S I O N S  * *  

V l  = 5 8 4 7 0 . 4 5 7  
V2 = - 2 8 6 5 6 . 6 8 8  
Y3 = 3 0 7 8 . 8 4 6  

., = 

c .  . . .  . S E T  A T (  - 1  F ,  I O ~ O I I B I  a ( ~ 8 2 .  5 F ,  5 0 0 . n ~  > .  . . . . . . . . . . . . . . . . . . . . . . . . . .  
C 

I P E N = -  1 
D O  9 0 0  I=1,  NN 
I F ( P R E S S (   I J N ) . L T . S ~ S )  G O  T O  900 
I X = 1 4 2 . 8 * ( T E H P ( I , N ) + 2 7 3 . 1 5 ) - 1 0 8 3 1 . * I L O C T ( P R E S S (  I , N ) ) - 3 6 6 8 .  
I Y =  ' / 1 *6LOCT(PRESS( I ,N) )  + V 2 * ( A L O C T < P R E S S C I , N ) ) ) * r 2  + 

lY3*(   hLOGT(PRESS( I r N  ) )  ) * * 3  
I Y  = IY*SFY 

I P E N = l  
U R I T E ( l 2 )  I P E H ~ l , I X , I Y  

9 0 0  CONTINUE 
U R I T E (  1 2 )   - 1 1 - . 1 ~  1001-150 
U R I T E  ( 1 2 , 9 0 3 1 )  1 0 0 1 0 , 0 1  1 2 5  

9031 FORHAT(415,7HAnBIENT) 
C P A U S E  

I P E H = - l  
D O  9 2 5  I = l J N N  
I F ( P R E S S C  1, N ) .  L T .  5 4 5 )  G O   T O  925 
I X = 1 4 2 . 8 * ~ D P T E H P ( I , N ) + 2 7 3 . 1 5 ) - 1 0 8 3 1 . * A ~ ~ G T ~ P R € S S ~ I ~ N ~ ~ ~ 3 6 6 8 .  
IY=Vl*ALOGTC PRESS( I ,.N 1 > + V2*(ALOCT( P R E S S (  1 ,  N )  1 ) * * 2  + 

1VJ*IALOCT(PRESSI I , N ) ) ) * * 3  .. ; F 

I Y  = fY*SFY 

I P E H = I  

. .: 
..? .: . 

Y R I T E (   1 2 )   I P E N J I  J I X , I Y  
I .  

9 2 5  C O N T I N U E  
Y R I T E (   1 2 )   - 1 8 - 1 )   1 0 0 , - 1 5 0  
URITE ( 1 2 , 9 0 3 2 )  1 0 0 1 0 ~ 0 ~ 1 2 5  

9 0 3 2  FORHAT( 4 I J I  9HDEY P O I N T  ) 
9 5 0  Y R I T E (   1 2 )  -1  8 1  1 9 9 9 9 , 9 9 9 9  

DELP=850 

" !  
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D O  9 7 5  I = l , N N  
I F ( P R E S S (   E , N ) . L T . 5 4 5 )  G O  T O  9 7 5  
I F ( P R E S S C I , H ) . N E . D E L P )  G O  T O  9 7 5  
DELP-DELP-SO 
1 2 = 3 . 2 8 0 8 4 * I A L T (  I I N )  
I Y = V l * A L O G T ( P R E S S ( I , N ) )  t V ~ * ( A L O G T ( P R E S S ( I I N ) ) ) * * ~  t 

1\)3*(  ALOGT(PRESS( I , N ) )  ) * * 3  
I Y  = I Y * S F Y  
Y R I T E ( l 2 ) - 1 ~ 1 , 2 0 0 ~ 1 Y  
YRITEC  12 ,9030)   751010 ,100 ,  I t  

9 0 3 0  FORHAT(  415, IS, 3H F T )  
U R I T E ( l 2 ) - 1 ~ 1 , 8 5 0 , I Y  
Y R I T E ( 1 2 )   1 , 1 , 9 O O , I Y  
U R I T E ( 1 2 ) - l r 1 , 8 7 5 , I Y  
W R I T E (   1 2 , 9 0 2 0 )   7 5 , 0 1 0 ,   1 0 0 ,   I A L T (  1 , N )  

9020  FOR#AT<415,   1517H METERS) 
3 0 3  F O R M A T ( ~ X ~ I ~ , ~ X , I ~ J ~ X I F ~ . ~ , ~ X I F ~ . ~ , C X , F ~ . ~ ~ ~ X ~ F S . ~ ~ ~ X ~ F ~ . ~ ~ ~ ~ X ~  
301 F O R M A T (  8 0 X )  

975  CONTINUE 
3 0 2  F O R H A T (  5 9 X a  F G .  1, i 5 X )  

U R I T E C  1 2 )  - 1 1  1 , 2 5 0 , 9 5 0 0  
U R I T E l   1 2 , 9 0 2 1 )   1 0 0 ,   0 ~ 0 , 1 2 5  

9021  FORHAT<415,8HALTITUDE)  
W R I T E ( 1 2 )   - 1 ~ 1 , 9 9 9 9 , 9 9 9 9  

9 0 1 0  FORMAT < l X , " D A T d  N U H B E R O ' ~ " & " , " O "  ) 

9 0 1 5  FORHAT ( l X , ' ~ & d B E N T E R   F I L E  N U M B E R  I N  2 D I G I T  I FORHAT4fLdB' )  
9 1 4 0  F O R M A T  ( 7 0 X  ) 
9 1 9 0  FORHAT ( l X , " - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ~  -""-"---""""""-"""""""""""""" 1 
9 2 2 0  F O R H A T  C l X ,  u t t t t t t t t t t t t t t + t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t + + t t t t t u )  
9 2 3 0  FORHAT (7Xa"SPACE  SHUTTLE LAUNCH FROM K S C " )  
9 2 4 0  FORMAT C i X , ' T I T b H  IIIC LAUNCH FROM K S C " )  
9 2 5 0  F O R M A T  C i X , " t & d C L a u n c h  tine:'I1819XI"Date:',12,1X,2F12,1X,14~ 
9 2 6 0  FORMAT C l X , "  TIME OF S O U N D I N G :  "~18,4X,I2~1X,2A2,1X,I4) 
9 2 7 0  FORMAT ( l X , "  T I H E  OF P R E D I C T I O N :   " , I 4 )  
9 2 8 0  FORHAT ( l X ,  " D F I T A  S E T :  " 8  12*13X,"SURFACE D E N S I T Y ( C H / f l * * 3 ) " , F 8 . 2 )  
9 2 9 0  F O R M A T  ( 5 x 1  "LAYER  ALTITUDE"  82x2 " D I R E C T I O N " I I X ~  "SPEED',  3X, 

l " T E ~ P " , l X , ' D P - T E ~ P " ~ l X , l ' P R E S S U R E u )  
9 3 0 0  FORHAT( l X , " H O .  " ,2X,  "FEET",  1 x 1  "HETERS",JX,  "DECREESU,3X, " H  S E C " ,  

14X,"DEGREE C E N T I C R A D E " , l X ~ " ~ I L L I B B R S " )  
9 3 3 3  F O R n A T ~ I X , ' * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ~ * * * * * * * * * * u )  
9334 FORf lAT< lX , 'SP ICE SHUTTLE SRN DDTE PROGRAH TEST F I R I N G S  A T  T H I O K O L  

1 YASATCH' 
9 3 3 5  FORHAT( i X , "  LAUNCH T I M E :  " ,  IB,SX, 'DLTE:" ,   12 ,1X,2P2,1%114)  
9 3 1 0  FORHAT ~ 1 X ~ I 2 ~ 1 7 ~ 2 X ~ I 5 ~ 7 X ~ I 3 ~ 4 X ~ F 4 . 1 ~ 4 X ~ F 4 . 1 ~ 2 X ~ F 5 . 2 ~ 2 X ~ F 4 . 1 ~  

1 2 X ~ F 7 . 2 )  
9 8 5 0  FORMAT ( 1 2 )  
9 8 6 0  FORflAT ( ' 2 6 X t   1 4 ~ 6 X 1 1 2 ,   l X ~ 2 A 2 ~ 1 4 )  
9 8 6 5  FORHAT ( 1 4 , 3 X , I Z , l X , 2 A 2 , 1 4 )  

FORHAT ~ 1 6 ~ 1 X ~ 2 F 4 . 1 ~ F 6 . 1 ~ F 6 . 1 ~ F 7 . 2 )  
FORHAT ( 1 6 ~ l X , 2 F 4 . l ~ F 6 . 1 ~ F 6 . i ~ F 7 . 2 )  
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I F ( I F H T . E Q . 1 )  R E Y I N D  8 
I F < I F H T . E Q . O )  CIILL C L O S E C I D C B )  

9999 END - ' 

. .  . . .  
' : . .  '. , _  '. 

S U B R O U T I N E   I O H E D < L H E L D I I T I H E S )  
D I N E N S I O N   L H E A D ( 4 0 )  
DO 110 I = l , I T I H E S  
R E l D  ( 8 , 9 8 5 5  )( LHEAD( W ?, Wal 8 40 
Y R I T E  < b r 9 8 5 6 ) ~ L H E I I D < N ) r N ~ l r 4 0 )  

110 C O N T I N U E  
9 8 5 5  F O R M ~ T  ( 4 0 ~ )  
9 8 5 6  F O R M A T  ' ( i X , 4 0 l 2 )  

RETURN 
END 
ENDS 
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Prograni PUFF 

A-197 



F T # 4 r  L 

c H A I N  
P R O G R R M   P U F F  

D I M E N S I O N   I C A R D S ( 4 0 ) ,   I B U F I 4 0 1 ,   I D C B ( 2 5 6 ) j  H A H E ( 3 )  
R E A L   M W E , N E D O T , M O I H F , M E , ~ L N F , n l , # 2 , L T  
COMMON Y ( 1 l ~ ~ D V ( 1 1 ~ ~ T ~ D T ~ N V I G o I R A D I P I I R I U G C ~ ~ E D ~ T ~ T O F F ~ T ~ ,  

l H E ~ M I N F ~ V C ~ R H O E , C P E ~ R E I G A n E l n U E ~ T E I P E ~ T E P E U E X ~ U E Y ~ U E Z ~ U E ,  
~ H C ~ C D I R H O I N F ~ C P I W F ~ R I ~ ~ F ~ G ~ I I I ~ ~ F ~ T I N F ~ P I N F ~ T H E T A ~  
~ G A M M A , P C , A P P P , V E L W I ~ ~ , H , C R , L T I X C , ~ C S I A S P , I F L A G  

D A T A   U T 0 1 0  . O l / ,  I P R ,  J J I O F F / 3 * 0 /  
D A T U   N A M E / ~ H & P I Z H U F , ~ H F D /  

C D A T U   V , D V , T I D T I N V / ~ ~ * O . >  . 0 1 1 1 l / , G ~ R A D , P I / 2 * O . ~ 9 8 O , 7 ~ 5 7 . 2 9 6 , 3 . 1 4 1 6 ~  
C D A T A  T E / 1 0 # 0 . / ,  T I N F / 2 8 8 . / t P E / l . O / ,   P I N F / 1 . O / , G A M E / i . 2 6 7 8 /  
c D A T F !   G A M I H F / 1 . 4 / ,   H U E / 1 9 . 6 4 8 / ,   M U I N F / 2 8 . 9 6 6 / ,   U G C / 8 2 . 0 5 6 7 / ,   H C / O . O /  
C L O R D  I N I T I A L   D A T A  V A L U E S  R E P L A C i N G  D A T R  S T A T E M E N T S  

T E = 1 0 0 0 .  
T I N f = 2 8 8 .  
P E = 1  . O  
P I N F = 1 . 0  
I ; A P I E = l .   2 6 7 8  
G A M I N F = l .  4 
P I W E = 1 4 . 6 4 8  
HGJ I N F = 2 8 . 9 6 6  
U G C = 8 2 . 0 5 6 7  
H C = Q .  0 
D O  111 I = l , l l  
V ( I )  = 0 . 0  
I>V<I> = 0 . 0  

T = O .  0 
D T = .  0 1  
N Y = 1 1  
G C 1 )  = 0 . 0  
C ( 2 j  = 0 . 0  
C(3) = 9 8 0 . 7  
R A D =  5 7 . 2 9 6  
P I  = 3 . 1 4 1 6  

C CALL E R R S E T (   2 0 8 1 - 1 , - 1  11) 
C E S T A B L I S H   P A R h I I E T E R S  
C F O L L O b J I N G   A R E   D E F I N I T I O N S  OF I N P U T   D A T A  . . .  

C TNRX . . .  T I M E  WHEN S O L U T I O N   I S   S T O P P E D ( S E C )  
C D T I . .  . . I N T E G R A T I O N   S T E P   S I Z E (  S E C )  
C I P R I N T . . N U M B E R  OF  STEPS  BETWEEN P R I N T O U T ( I P R I N T = l , P R I N T S  D R T R   E R C H  S T E P )  
C I f L U G . . C O N T R O L S   D E B U G   P R I N T O U T .  I F L A G = l  U R I T E S   F O R M A T  1 0 0  I N   S U B R O U T I N E  
C D E R I V  AND  FORHATS 100-105 I N   S U B R O U T I N E  SHFIPE 
C 1 U N I T S . C O N T R O L S   U N I T S   O F   O U T P U T C O = C M  + GI l=?l + K C )  
C R . . .  . . .  J E T  E X I T   R A D I U S ( C M )  
C U E  . . . . .  J E T   E X I T   V E L O C I T Y   < C M / S E C )  

11 1 C O N T I N U E  

C T O F F . .   . T I P I E   U H E N   J E T  IS S H U T .   O F F ( S E C )  
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C 
c 
C 
C 
C '  
C 
C 
C 
C 
C 
C 
C 
C 
c 

C A H f l R . . J E T   E X I T   E k E Y A T I O N ' . A N G L E ( D E G ) .   H O R I Z O N T A L   I S   Z E R O .  
T E . .  . . ,JET E X I T   T E H P E R A T U R E ( D E C - K )  
CAHE . . .  J E T   E X I T   S P E C I F I C   H E A T  R A T I O  
H U E  . . . .  J E T   E X I T   f l O L E C U L A R   U E I G H T  
T I N F  . . .  A T H O S P H E R I C   T E H P E R A T U R E ( D E C - K )  
P I N F  . . .  A T N O S P H E R I C   P R E S S U R E ( A T H 0 S P H E R E S )  
C A H I N F . A T f l O S P H E R I C   S P E C I F I C   H E A T  R A T I O  
H U I N F . . A T # O S P H E R I C   H O L E C U L A R   Y E I G H T  
A P P P l . . E H T R A I N H E N T   C O E F F I C I E N T  B,EFORE T A I L  EXCEEDS 15 D I A H E T E R S  
A P P P P . . E N ' T R A I N t l E N T   C O E F F I C I E N T   A F T E R   T A I L   E X C E E D S  15 D I A H E T E R S  

C D l . . D R A C   C O E F F I C I E N T   B E F O R E   T A I L   E X C E E D S  15 D I A H E T E R S  
C D 2 . . D R A C   C O E F F I C I . E N T   A F T E R   T A I L   E X C E E D S  1 5  D I k l l E T E R S  

T H E T R . . J E T   E X I T  AZ1HUT.H U I T H   R E S P E C T  T O  X - C O O R D I N A T E < D E C )  
Y E L Y  . . .  YIND  VECTOR  COI lPONENTS I N  X Y Z - C O O R D I H 4 T E S ( C t l / S E C )  

C OPEN I N P U T   D A T A   F I L E   & P U F F D  

C READ AND P R I N T  OUT INPUT  TEST  DATA 
CALL O P E H ( I D C B , I E R R , H A # E , 0 )  

U R I T E ( 6 , 3 0 3 )  
3 0 3   F O R H A T (   l H 1 , ' I N P U T   D 4 T A   I S  A S  F O L L O U S :  " )  

DO 320 1 ~ 1 ~ 5  
CALL B L A N K <   I B U F )  

CALL CODE 
C.ALL R E A D F C   I D C B ,   I E R R J   I B U F )  

R E Q D ( I B U F , 3 0 t )   I C A R D S  
301 FORHAT< 40Ap ) 

U R I T E < C , 3 0 2 )   ( I C A R D S < N ) J N = ~ J ~ ~ )  
302  FORHAT(   1H 8 4 0 6 2 )  
320 C O N T I N U E  
C R E Y I N D  AND  READ  INPUT  DATA TO PROCESS 

CALL R U H D F <   I D C B ,  I E R R )  
CALL BL4HKC I B U F )  
CALL R E A D F C   I D C B ,   I E R R J   I B U F )  
CALL CODE 
R F A D < I B U F , 3 0 4 )   T O F F I T H A X , D T I I R I U E  

3 0 4  FORHAT(  5(  7 X ,  F 8 . 2  > ) 
C A L L - R E A D F C   I D C B ,   I E R R J   I B U F )  
CALL CODE 
R E A D ( I B U F , 3 0 4 )   C A H H A , T E J C A H E , H U E , T I N F  
CALL R E A D F (   I D C B J   I E R R J   I B U F )  
CLLL CODE 
R E A D ( I B U F , 3 0 6 )  P I N F ~ C B H I N F J H O I N F , P P P P ~ J A P P P ~  
CLLL R E A D F <   I b C B ,   I E R R ,   I B U F )  
CALL CODE 
R E A D ( I B U F J ~ O ~ )   C D l J   C D ~ J   T H E T A #   Y E L Y < l ) ,   V E L W ( 2 )  
CALL R E A D F (   I D C B ,   I E R R I   I B U F )  
CALL CODE 
R E L D ( I B U F , 3 0 5 )   Y E L Y C J ) ,   I P R I N T J   I F L A G ,   I U N I T S  

305 F O R H A T < ~ X I F ~ . O I ~ < ~ X I I ~ ) )  
306 F O R H A T <  S( 7X 8 F 8 . 5 )  ) 
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307 FORHAT(  5( 7 x 4  F 8 . 3  1 > 
C U R i T E ( 6 ~ 3 8 8 )   T O F F I T H A X , D T I J R I U E  
C Y R I T E ( 6 , 3 8 8 )   C A H n A J T E , G A n E , H U E J T l N F  
C Y R I T E < 6 , 3 8 8 )  ~ I N F , G A ~ I N ~ , ~ U I N F ~ ~ P P P ~ J C I ~ P ~ ~  
C Y R I T E ( 6 4 3 8 8 )  C D I J C D ~ ~ T H E T ~ , Y E L U ( I ) , ~ E ~ U ( ~ )  
C Y R I T E ( 6 r 3 8 9 )  V E L U ( ~ ) I I P R I N T ~ I F L A G ~ I U N I T S  
C388 F O R H A T ( 1 H   J " S A H P L E   I N P U T 0 ~ / , 5 E 2 0 . 6 )  
C 3 8 9   F O R H A T <   1 H  J € 2 0 . 6 4 3 1  1 0 )  

V E L U ( 2 )  = 0 .  
A P P P - h P P P l  
C D = C D l  

D 1 5 = 3 6 .  * R  
P E = P   I N F  
PC=PE 
RE=UGC/HUE 
R I N F = U G C / H Y I N F  
C P E = R E * G A H E / ( G f l H E - l  . O  1 
C P I N F = R I N F * G A M I N F / ( C A H I N F - 1  . 0 )  
R H O E = P E / R E / T E  
R H O I N F = P I N F / R I N F / T I N F  
TRAD=THETA/RAD 
CRAD=CA#t lA /RAD 
UEX=UE*COS(   GRAD)*COS(   TRAD)  
U E Y = U E * C O S ( G R A D ) * S I N ( T R f l D )  
O E Z = U E * S I N < G R A D )  
I E = P I * R  * * 2  
HEDOT=RHOE*AE*UE 

C E S T A B L I S H   O U T P U T   C O N S T A N T S  
C l = l  . o  
c 2 = 1 . 0  
C3ql . O . -  

C 1 = 0 . 0 1  
C 2 = 1  . E - 6 '  
C 3 = 0 . 0 0  1 

13  C O N T I N U E  

C COtfPUTE SOME OTHER  IHYCIRIClNT  PARAMETERS 

IF (IUNITS.EQ:O> G O  T O  13 

C U R I T E ( 6 , 2 0 0 )  U G C J H E D O T , R H O E , A E J R H O I N F , R E , R I N F J C P E J C P I N F  
260 FORHAT(  * ' 4  9 E 1 2 . 5 )  

U R I T E  ( 64 2 1  0 1 
C I N T E G R A T E  FOR T H R X  S E C O N D S ,   P R I N T   E V E R Y   I P R I N T   S T E P S .  

1 0  C O N T I N U E  
DT=O .l 
J = J + 1  
I f R = I P R + l  

D T = D T I  

I F ( T . G E . 0 .   . A N D . T . L T . l .  1 DT = DTO 
CALL R K 4  

C A L U h Y S   U S E   D T = D T O   D U R I N G   F I R S T  0 . 1  SEC  OF  JET ON 

C I F  ( T . G E .  0 .  . AND. T . L T .  0 . 0 9 9 )  DT=DTO 
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C I F  T A I L   L E N G T H   C T  15 D I I M E T E R S ,   C H A N G E   E N T R A I N H E N T   C O E F  
I F  <LT.LT.DlS.OR.IFPP.EQ.APPF2)~ G B  TO 11 
APPP-APPPP 
CD=CDP 
Y R I T E ( 6 D 1 2 0 )  

1 2 0  F O R M A T ( ' 0 C L O U D   T A I L   E X C E E D S  1 5  D I A H E T E R S .   E N T R A I N H E N T   C O E F   I N C R E A  
1 S E S ' )  . 

11 C O N T I N U E  
U R I T E ( 6 , 2 1 0 )  

I F  CT.LT.TOFF.OR.IOFF.EQ.1) GO TO 12 
Y R I T E ( C a 1 3 0 )   T O F F  

134 F O R H A T (   1 H  D " J E T   S H U T  OFF A T  T " , F 6 . 2 D M  S E C ' )  
U R I T E ( 6 , 2 1 0 )  

2 1 0  F O R ~ L T C ' 0 ' ~ 3 X ~ ' T ' ~ 6 X I . X " Y Y , 6 X ~ " Y u ~ 6 X ~ ' Z ' ~ 5 X ~ ' V X ' ~ S X ~ 8 V ~ u ~ 5 X ~ ' ~ Z ~ ~ S X ~  
1 ' T C u ~ 5 X ~ ' X T ' ~ 5 X ~ ~ Y T ' I 5 X I " , S X I 1 L f . r 5 X ~ " L T M ~ 5 X ~ ' L S ~ ~ S X ~ ~ ~ C R ' ~  . 
2 7 X D ' H E ' r  6x8  ' H I M F ' ,  6X, 'VOL' ) 

I O F F = l  

I F  ( 1 P R . L T . I P R I M T )  G O  TO 1 0  

r P R-6 

M O D E = i  

1 2  C O N T I N U E  

C Y R I T E   I N T E G R A T I O N   V L R I A B L E S   A N D  C L O U D  D I M E N S I O N S  

C SET  HODE  TO 1 

CALL E V A L l ( H 0 0 E )  
I F  C 1 F L A G . E Q . O )  G O  TO 9 
O R I T E ( 6 t 2 1 0 )  

9 C O N T I N U E  
C CONVERT TO H E T E R S ,  K G  I F  R E Q U I R E D  

X = V (  6 )*Cf 
Y = Y (  7 ) * C 1  
Z = V (  8 ) * C l  
Y X = D V (  6 ) * C 1  
V Y = D Y (  7 ) * C 1  
VZ=DVC 8 ) * C 1  
E L T = L T * C l  
X T = V (  9 ) * C l  
Y T=V(  I O  ) * C 1  
Z T = V (  11 ) * C l  
E L S = ( L T + H - C R   ) * C i  
R C L D = C R * C l  
M l = M E + C 3  
H 2 = H I N F * C 3  
Y O L = V C * C 2  
U R I T E C 6 ~ 2 2 0 )  T I X , Y I Z D V X , V Y I Y Z I T C I X T , Y T I Z T I E L T I E L S D R C L D , ~ ~ I ~ ~ , V O L  

2 2 0  F O R H A T C '  ' ~ F 5 . 2 ~ 6 F 7 . 2 ~ F 7 . 0 ~ 6 F 7 . 2 r 3 F S . i )  
I F  ( T . L T . T H A X )  G O  TO 10 

STOP 
E N D  

C A L L   C L O S E C   I D C B ,   I E R R )  
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A -  20 2 



D I M E N S I O N   U I N F ( 3 )  
D A T A   D X L J D Y L J Y C L I S C G L ~ ~ * O . /  

C T H I S   E N T R Y   U S E D  TO F I N D   C L O U D   S H R P E .   N O T   U S E D  WHEH I N T E G R U T I N G .  
C ?lODE=l 

C A T   T U F F   S E T   H E D O T = O  + H O L D  H E  C O N S T A N T  
1 0  C O N T I N U E  

I F  ( T . G E . T O F F )  G O  TO 12 
H E = H E D O T * T  
e o  T O  1 4  

1 2  C O N T I N U E  
I F  C P l E D O T . E B . 0 )  G O  TO 1 4  
H E = X E D O T + T O F F  
t l E D L I T = O .  

1 4  C O N T I N U E  
P l I N F = M C - I I E  
C P C = < H I N F * C P I H F + # E * C P E ) / H C  
T C = E C / (   M C * C P C  1 
R C = (   b l I N F * R I N F + M E * R E  )/!IC 
R H O C = P C / (   R C * T C )  
V C = M C i R H O C  
D X = C G X - S T X  
D Y = C G Y - S T Y  
D Z = C G Z - S T 2  
S C G = S Q R T C   D X * D X + D Y * D Y + D Z * D Z  1 

C C A L L  C L O U D  S H A P E   S U B R O U T I N E  TO G E T  ClCS 
v z = v c  
C A L L   S H A P E (  V Z ,  SCG ) 

C I F  M O D E = l . a   E V R L U A T E  CLOUD  SHRPE B U T  NO D E R R I V A T I V E S  R E Q U I R E D .  
I F  < M O D E . E Q .  1 )  G O  TO 2 0  
t l R = 0 . 5 * R H O I N F * V C  

U C X = ( # O M X t F I A * U I H F ( l  ) ) / ( M C t t l A )  
U C Y = ( l l O M Y + M A * U I N F ( 2  ) ) / ( M C + t l A )  
U C Z = ( f l O M Z t ~ A * U I N F ( 3 ) ~ / ~ N C t M ~ )  
U C = S Q R T ( U C X * * Z + U C Y * * 2 + U C 2 * * 2 )  
E L S = ( L T + H - C R   ) / S C G  
C S X = S T X + D X * E L S  
C S Y = S T Y + D Y * E L S  
C S Z = S T Z + D Z * E L S  
E L T = L T / S C G  
S L X = S T X + D X * E L T  
S L Y = S T Y + D Y * E L T  
S L Z = S T Z + D Z * E L T  
S L = S Q R T C S L X * S L X + S L Y * S L Y + S L Z * S L Z )  
S T = S Q R T t S T X * * 2 + S T Y * * 2 + S T Z * * 2 )  
U R X - U I N F C  1 I - U C X  
U R Y = U I N F (   2 ) - U C Y  
U R Z = U I N F (   J ) - U C Z  
U R = S Q R T C U R X * * 2 + U R Y * * 2 + U R Z * * 2 )  
H D T i N F = R H O I N F * U R * A C S * A P P P  

CALL W I N D   ( C G Z J U I N F )  
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3 0  

C 

9 

H l X = H E D O T * U E X  
W l Y = H E D O T * U E Y  
H 1 Z=HEDOT*UEZ 
C O N S T = 2 . 0 * H h - H C  
H2X=G(  1 ) *CONST 
H 2 Y = G <  2 )*CONST 
t I 2 Z = G (  3 )*CONST 

H3X=URX*CONST 
H 3 Y = U R Y * C Q N S T  
H 3 Z = U R Z * C O N S T  
E l = H E D O T * C P E * T E  
E 2 = H D T I N F * C P I N F * T I N F  
S B C O N = i . 3 5 5 E - 1 2 * 4 1 . 2 9 3  
E # I S S = O  . 4  
E 3 = E H I S S * S B C O N * A C S * ( T I ! 4 F * * 4 - T C * * 4 )  
E 4 = 2 . 0 * P I N F * t l E D O T / R H O I N F  
D V (  1 ) = H E D O T + H D T I N F  
D V ( 2 ) = H i X + H 2 % + H J X  
D Y ( 3 ) = H l Y + H 2 Y + t l 3 Y  
D Y ( 4 > = I l l Z + H 2 Z + t l 3 2  
D V (  5 ) = E 1 + € 2 + E 3  
D V (  6 )=UCX 
D V (  7 )=UCY 
D V (  8 ) = U C Z  
I F   ( T . L T . T O F F )  G O  TO 30 
D V ( 9  ) = U E X * D X * L T / (   S T X * S C G + D X * L T + l  .OE-9  )+UCX 
D Y ( 1 6 ) = U E Y * D Y * L T / ( S T Y * S C G + D Y * L T + i . O E - 9 ) t U C Y  
DV(11)=UEZ*DZ*LT/(STZ*SCG+DZ*LT+l.OE-9)+UCZ 
C O N T I H O E  
I F   ( I F L A G . E Q . 0 )  G O  TO 9 
F D E L T A = H J X - ! l A * D V <  6 )  
Y B = Y C / R E * * 3  
XB=XCG/RE 
U R I T E   D E B U G   O U T P U T  

CON'ST=OR*ASP*CD*RHOINF 

U R I T E ( 6 8 1 0 0 )  ~ E J ~ I N F J C P C J T C I R C , R H ~ ~ , ~ ~ J H ~ , U C X , U C Y , U C Z , U C , S C C , U R X ,  
~ U R Y , U R Z , U R , ~ ~ X , ~ ~ Y , H ~ Z , ~ ~ X I ~ ~ Y I H ~ Y J ! ~ ~ ~ I H ~ ~ J ~ ~ Y , ~ ~ Z , E ~ , ~ ~ J E ~ , E ~  
2 ,HDTINF,CR,XC, A S P , H , L T J X B J Y ~ , F D E L T ~ ~ A C S ~ T ~ S T  

C O N T I N U E  
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I "  

D I M E N S I O H   U I N F ( 3 )  
COMHON DUH6< 2 4  ) r  IDUH6,  DUH7< 37 ) r  VELU<.3 ) r  DUM8C 6 1, IDUMS 
D O  100 I s 1 4 3  . -  
U I N F <  I ) - VELUC I I 

100 CONTINUE 
RETURN 
END 
SUBROUTINE SHAPE<VZ,CC) 
OIHENSION X C O F ( 4 ) , C O F < 4 ) r R O O T R ( 3 ) r R O O T I ( 3 )  
DOUBLE PRECISION Q I O Q I A I B I Y ~ ~ P B Y ~ C U ~ R O O T Q ~ % B A R ~ P B A R ~ R E ~  
REAL  LT 

. .  

"COHHON DUHi (24 ) ,  I D U H 9 , C ( 3 ) r R I I D , P I , R , D u H l C 9 ) , ,  
l D U H 3 ( 2 5 > ~ H ~ C R r L T r X C , C I - C S r A S P , I F L A C  

O I T A   R € L I S T / O .  / I  N/O/ 
C COMPUTE CONSTCINTS ONLY OWCE UNLESS  RE.CHAII6ES VCILUE 

ZF <R.EQ.RELAST)  G O  T O  2 
RELASTIR 
R€P=R*R 
RE4=RE2*REP 
R€6=RE4*RE2 
DE-2 . O * R  

. .  . .  

Y R I T E ( 6 , 3 4 1  > RELASTIR I R € ~ , " R E ~ , R E ~ ~ O E  
3 4 1  F O R R A T ( 1 H   r ' R E L A S T a R   I R E ~ I R E ~ ~ R E ~ I D E ' I / , ~ H   1 6 E 2 0 . 6 )  

SE=PI *RE2  
S E I N V t l   . O / S E  
CONl=O. S / ( S E * D E )  
PBY3CU=(-RE4  )**3 
Y R I T E < ~ ~ ~ ~ ~ ) ~ S . E I P I ~ S E I N V I C O N ~ ~ P B Y ~ C U ~ X C O F < ~ )  

3 4 2  FORHCIT(1H r ' S ~ E ~ ~ P I ~ S E I N V r C O N l r P B Y 3 C U r X C O F ~ l ) m r / ~ 1 H  4 6 E 2 0 . 6 )  
X C O F (  2 ) = S E / 2 4 . 0  
XCOFC 3 ) = O  . 
X C O F ( 4 ) = - P I * P I / < 7 2 . 0 + S E )  
Y R I T E ( 6 4 3 4 3 )   X C O F ( ~ ) ~ X C O F ( J ) I X C O F ( ~ )  

3 4 3  FORHATCLH ~ ' X C O F ( ~ ) I X C O F C ~ ) , X C O F ( ~ ) ~ ~ / , ~ H  r 6 E 2 0 . 6 ) .  
2 CONTINUE 

1 .  XBAR=CC/DE 
. .  'PBLe*YZ*C.ONl  
' 'e=-576 ' .  *P 'BAR*(PBAR-XBCIR) ' *RE6  

QQ-PBY3CU+( Q*O -5 )!**2 
U R I T E < 6 , 9 4 0 )  P , Q Q , P B Y ~ C U , P B A R . X B A R I R E ~  

I F  (QQ.LT .0 . )  G O  T O  20 
ROOTQ+DSQRT< QQ) 
b=<DfiBSC-B*O . 5 +  R O O T Q  ) ) * * O .  3 3 3 3 3 3 3 3  
B=CDABSC-Q*O.S- R O O T Q  ) ) * * 0 . 3 3 3 3 3 3 3 3  
Y 1 = A * B  
H+DS OR T (.Y 1 ) 
I F  ( I F L f i C . E Q . 0 )  GO TO 3 0  
Y 22-< I + 8  ) * O  . S 
Y3=( A-B ) * O .  5 * 1  . 7 3 2 0 5  

9 4 0  FORHAT< 1H I ' O I O ' Q I P B Y J C U I P B A R I X B A R ~ R E ~ ~ ~ / ~ ~ H  r b E 2 0 . 6 )  
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Y R I T E < ~ J ~ O S )  Y ~ J Y ~ J Y ~  
1 0 5  F O R H A T ( '   ' r 2 0 X ~ ~ Y ~ r Y 2 r Y 3 = " , 3 ~ 1 P E i 2 . 4 ) )  

G O  T O  30  
20 C O N T I N U E  

H = 3  
X C O F <  1 ) = V Z * < V Z * O   . S * S E I N V - C G )  

Y R I T E (  6 , 9 3 0 2 )  X C O F (  1 )  
9302 F O R H A T < l X , " X C O F l =   ' 3 E 1 2 . 5 )  

C A L L  P O L R T ~ X C O F ~ C O F ~ H ~ R ~ ~ T R ~ R O O T I J I E R )  
C F I N D   S R A L L E S T   P O S I T I V E   R E A L   R O O T  

R H I N = l E l O  
D O  1 0  I = l , H  
I F ( R O O T I ( I ) . E Q . O . O . A N D . R O O T R ( I ) . L T . R ~ I N . A N D . R O O T R ~ I ) . G T . ~ . )  RHIN= 

1 R O O T R C  I) 
10 C O N T I N U E  

IF ( IFLCIG.EB.O) GO T O  6 
D X = l . O / ( 2 B 8 . * P B A R )  
X H A X = P B A R + D X  
X H I N = P B f i R - D X  

C T E S T   N A T U R E   O F   R O O T S  
I F  ~ X B A R ; L T . X f l A X . A N D . X B R R . G T . X B A R . G T . P B A R )  u R I T E ( 6 ~ 1 0 1 )  
I F  ( X B O R . L T . X H a X . R N D . X B R R . G T . X H I N . A t 4 D . X B A R . L T . P B A R )  U R I T E ( 6 , 1 0 2 )  

I F ( ( X B P R . C T . X H a X . O R  . X B A R . L T . X H I N ) . A N D . X B Q R . L T . P B A R )  Y R I T E C 6 , l O Q )  
I F ( ( X B A R . C T . X H A X . O R  . X B R R . L T . X ~ I N ) . R N D . ~ ~ A R . G T . P B R R ~  Y R I T E ( C J I O 3 )  

1 0 1  F O R H A f < ' , ' 3   R E A L   R O O T S J  2 P O S I T I V E ,  1 N E G A T I V E ' J ~ ~ X J " R E ~ L " J ~ X J  

1 0 2  F O R H A T ( '  3 R E C l L   R O O T S J  1 P O S I T I V E ,  2 N E C I T I V E " J S ~ X J " R E P L " J ~ X J  
1 ' I H A J '  > 
I ' I n A , t n  > 

103 F O R H A T < '  1 R E A L   R O O T ,   N E G b T I V E   " , ~ ~ X , ' R E A L ' I C X I  
1 ' I H A J '  ) 

1 ' I H C I J "  ) 
1 0 4  F O R H A T ( '  1 R E R L   R O O T ,   P O S I T I V E   " , ~ ~ X J ' R E ~ L " J ~ X J  

M R I T E ~ ~ , ~ ~ ~ ~ X B A R J X H A X J X H I N J P B A R J I E R ~ ~ ~ R O O T R ~ I ~ J R O O T I ~ I ~ ~ J I ~ ~ J H ~  
1 0 0  F O R H a T ( l y  J ' B A R J X H A X ~ X H I H ~ P B A R J I E R J R O O T S ~ ~ ~ ~ ~ ~ P E ~ ~ . ~ ~ J I ~ ~ ~ X ~  

1 2 € 1 2 . 4 1 5 C / 9 0 X ~ Z E l 2 . 4 ) )  
6 C O N T I N U E  

C I F  NO P O S I T I V E   R O O T S J   Y R I T E   E R R O R   H E S S A G E  
I F  ( R H I N . E Q . 1 E l O )  G O  TO 4 0  
H = S B R T (   R H I N )  

C R = O . S * < H + R   * R   / H )  
L T = V Z * S E I N V - O . S * H - P I * H * * 3 / ( 6 . * S E )  
X C = H + L T - C R  
A S P = P I * C R * * 2  
A C S = 2 .  *PI*( R * L T + C R * H  ) 

C D O  N O T   I N C L U D E   L T   I N   S U R F A C E   A R E 6  I F  I T   I S   N E G A T I V E  
I F  ( L T . L T . 0 . )   A C S = 2 . * P I * C R * H  

C C O R R E C T   P R O J E C T E D   A R E A  I F  N O T   S P H E R I C C I L ,  
I F  ( X C .   L T   . L T )   A S P = S E  
R E T U R N  

3 0  C O N T I N U E  



40 C O N T I N U E  
10.6 FOR? lA f ( 'OPROCRl? l   HALT-   POSIT IVE  ROOT  FOR H NOT  FOUND. ' )  

Y R I T E ~ 6 , 1 0 0 ~ X ' 8 A R ~ X H ~ X ~ X ? l l N ~ P 8 A R ~ I E R ~ ~ ~ R 0 0 T R ~ I ~ ~ R O O T I < f ~ ~ ~ I ~ 1 ~ 3 ~  
Y R I T E ( 6 , 1 0 6 )  
STOP 
E N D  
S U B R O U T I N E  R K 4  
D I H E N S I O N   O L D C l l   ) r B < l l )  

C T H I S  IS c1 4TH  ORDER  RUNGE-KUTTA  IHTECRATOR 
COHHOH Y ~ l l ~ ~ D Y < l l ~ r T ~ D T ~ N V ~ D U C K ~ 4 6 ~ ~ I D U C K  
D A T A  J / O /  
OLDT=T 
D O P J = l ,  NV 

2 OLD(  J ) = Y (  J ) 
C A L L  OERIV 
T = O L D T + O .   5 * D T  

8C J ) = D T * D V (  J ) 

ChLL D E R I Y  

THP=DT*DYC J 1 
8 (  J ) = 6 <  J ) + 2 * T H P  

C Q L L   D E R I V  

THP=DT*DY(  J 1 
B (  J )=B( J ) + 2 * T H P  

8 V (  J )=OLD( J ) + T H P  
T = O L D T + D T  
C B L L   D E R I V  

D 0 4 J Z 1  I NY 

4 Y < J ) = O L D ( J ) + 0 . 5 * E ( J )  

D 0 6 J = 1  I NV 

6 V <  J )=OLD< J ) + O .  5 * T H P  

D 0 8 J = 1  I NV 

D O  1 0   J = l r N V  
10 V (  J )=OLD( J ) + < B < J  ) + D T * D V <  J )  )/4 

RETURN 
E N D  
S U B R O U T I N E  P O L R T ( X C O F I C O F I H ~ R O O T R ~ R O O T I ~ I E R )  
D I H E N S I O N  X C O F < l ~ r C O F ~ l ~ r R O O T R ~ l ~ ~ R ~ O T I ~ 1 ~  
DOUBLE P R E C I S I O N  X O , Y O , X , Y , X P R I Y P R , U X I U Y I Y I V , Y T , X T ~ ~  

~ Y T ~ , S U ~ S O , D X , D Y I T E ~ P I P L P H L  
f F I T = O  
H = H  
I ER=O 
l F ( X C O F < N + l  ) ) l o ,  251 10 

10 I F C N )  15115132  
C SET  ERROR  CODE  TO 1 

15 I E R = l  
20 RETURN 

C SET  ERROR CODE TO 4 
2 5  I E R = 4  

G O  TO 20  

a- 20 7 



C SET E R R O R  CODE TO 2 
30 & E R = P  

G O  TO 20  

32 I F I H - 3 6 )  3 5 , 3 5 4 3 0  
35 N X = N  

N X X = H + i  
H 2 = 1  
K J l = N + l  
D O  4 0  L = l , K J l  
H T = K J l - L + l  

4 0  COF( HT )=XCOFCL 1 
C S E T   I K I T I h L   V A L U E S  
C 

4 5  X O = . 0 0 5 0 0 1 0 1  . .  . 
Y 0 = 0 . 0 1 0 0 0 1 0 1  " 

" I 

C ZERO I N I T I A L  YGLUES  COUNTER 
C 

I N = O  
5 0  y = x o  

C 
C I N C R E H E H T   I N I T I A L   V A L U E S  AND COUHTER 
C 

X ~ = - ~ ~ . Q * Y O  
Y O = - l O .  o * x  

c 
C S E T  X fiND Y T O  CURRENT  VALUE 
C 

x = x o  
Y = Y O  
I N = I N + l  
C D  T O  5 9  

XPR=X 
Y P R = Y  

5 5  I F I T = 1  

c 
C EYALUATE  POLYNOHIClL AND D E R I Y f i f I Y E S  
C 

5 9  I C T = O  
6 0  U X - 0 . 0  

U Y - 0 . 0  
Y = 0 . 0  
Y T = O . O  
X T = l  . o  
U = C O F {   N + l  > 
I F C U )  6 5 , 1 3 0 8 6 5  

L=H- I +  1 
TEHP=COF(  L )  
X T Z = X * X T - Y * Y f  

65 D O  70 I = 1 8 N  
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7 0  

7 5  

7 8  
C 
C 
C 

8 0  

8 5  
9 0  

c 
C 
C 

9 5  

YTP=X*YT+Y*XT 
U=U+TEHP*XT2 
V=V+TEHP*YT2 
F f = S  
UX=UX+FI*XT*TEHP 
UYtUY-FI*YT*TEHP 
XT=XT2 
Y f = Y  T2 
SUHSQ=UX*UX+UY*UY 
IF (SUHSQ)   fS , l lO ,?S  
D X = <  V*UY-U*UX>/SUHSQ 
X = X + D X  
D Y = - C U * U Y + V * U X  ) /SUHSQ 
Y = Y + D Y  
IF(DIBS(DY)+DIBS(DX)-1.0D-O5) 1 0 0 1 8 0 r 8 0  

STEP ITERLTION COUNTER 

I C T = I C T + S  
IFCICT-500)   60 ,85 ,85  
I F < I F I T ) 6 0 0 ~ 9 0 ~ 1 0 0  
1 F t I N - 5 )   5 0 , 9 5 , 9 5  

SET ERROR C O D E  T O  3 

I E R - 3  
G O  T O  20  

1 0 0  D O  1 0 5   L s l r N X X  
H T = K J l - L + l  
TEllP=XCOF(t!T) 
XCOFCHT ) = C O F ( L )  

105  COF(L)=TEHP 
ITEHP=N 
N=NX 
NXrITEHP 
I F C I F I T )  120,55,120 

110  I F < I F I T )  115,50,115 
I15 X = X P R  

Y = Y P R  
1 2 0   I F I T = O  

1 2 5  ALPHA=X+X 
SUllSQ=X*X+Y+Y 
N = N - 2  
G O  T O  1 4 0  

1 3 0  X = O . O  
N X S N X - 1  

1 3 5  Y = O . O  

122  IFCDABS(Y)- l   .OD-4*DABS(X))   135,125,125 

SUflSQ-0 . O  
LLPHI=X 
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